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PART I 


MICROBIAL BIOLOGY: INFECTION 
AND IMMUNITY 

CHAPTER 1 

MICROBIOLOGY AND MEDICINE 

Microbiology is one of the younger biological sciences. Although its 
paternity is rather nebulous, the first productive seed was implanted 
by a French chemist, Louis Pasteur, who a century ago was persuaded 
to turn his inquisitive mind from a study of tartrate crystals to the 
troubles that were affecting the wine industry in France. Pasteur, 
brooding over the age-old phenomenon of fermentation, which has given 
us both bread and wine, was not prepared to accept the pontifical 
pronouncements of the leading chemists of the day that this was a 
chemical reaction. Having satisfied himself that the souring of milk 
was due to the formation of lactic acid by multiplying bacteria, he 
proceeded to turn sugar into alcohol with only ammonia and some 
organic salts as a source of nutriment for the growing yeast cells. He 
concluded his paper in 1857 with these words: “Alcoholic fermentation 
is an act correlated with the life and with the organization of these 
(yeast) globules, and not with their death or their putrefaction”. 

In his early work in microbiology Pasteur also made the fundamental 
observation that certain bacteria (which he called anaerobic) would grow 
only in the absence of oxygen, a momentous discovery at a time when 
oxygen was still regarded as the essential elixir for all living creatures. 
A few years later, his monograph on “The Study of Wines” and his 
demonstration of the value of differential heating — or pasteurisation as 
we now call it — revolutionised the whole wine and beer industry of 
Europe and established the importance of microbiology in industry. 

Joseph Lister, an English surgeon working in Scotland, saw in 
Pasteur’s work on fermentation a possible explamtion of the tragic fate 
that befell so many of his patients who after injuty or amputation were 
dying like flies of hospital gangrene and “blood poisoning ”. By placing 
an antiseptic dressing over the open wound, he prevented bacteria in 
the environment from getting access to the susceptible tissues and so 
satisfied himself that putrefaction or sepsis was caused, like fermentation, 
by thesei nvisible but living microbes which Leeuwenhoek, two centuries 
earlier, had called his “little animals”. A little later, the surgt^n 
Opton, in Aberdeeen, showed that grape-like clusters of coed, which 
he named staphylococci, were the common cause of abscesses. 

In an era dominated by the physical sciences it required great 
cohr^e jind pertinacity as well as ingenuity and technical sfall for these 
pioneers in microbiology to persuade their fellows of the validity of the 
new gospel. However, they had strong support from one of ^ out- 
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Standing physicists of the day, John Tyndall, who interested himself 
in the new biological science and gave us intermittent sterilisation (or 
tyndallisation); he was, incidentally, one of the fost observers to note 
the antibacterial properties of the mould penicillium. About this time 
Robert Koch, a country doctor in Germany, became painfully aware 
of the havoc which a disease called “splenic fever” was causing among 
the sheep and cattle of the farming community. By most ingenious 
methods devised in a home-made laboratory, Koch wm able to prove 
that a large square-ended rod was constantly present in the blood of 
animals dying of splenic fever, that this microbe could b^ grown and 
purified from contaminants on nutrient jelly, ^d when ihjected into 
laboratory animals could reproduce an infection identic^ with that 
which killed the cow and the sheep. This was the first wholly satisfying 
evidence that a specific germ, the anthrax bacillus, was the\cause of a 
specific disease. And so, by 1880, the new science of microbiology 
was firmly founded and its importance in the economy of mefi, animals 
and industry was beginning to be appreciated. 

Mention may be made here of two early offshoots of this science — 
immimology and virology — in which Pasteur was involved. He was 
the first to extend Jenner’s protective vaccination, a word coined by 
Pasteur in honour of Jenner’s work with cowpox, by the use of living 
attenuated cultures of pathogenic microbes against important infections 
like anthrax, swine erysipelas and chicken cholera, and today the 
attenuated vaccine is being used with outstanding success in such diverse 
diseases as tuberculosis, yellow fever, poliomyelitis, dog distemper and 
contagious abortion of cattle. 

Pasteur’s contribution to virology was equally fertile. From his 
boyhood days in the Jura hills, he had known of the horrible deaths that 
might follow the bite of a wolf or a mad dog, and in due course he turned 
his attention to the aetiology of rabies. After some false trails, his 
assistant Roux eventually injected some of the infective material into 
the brain of a dog, which fourteen days later developed rabies. Thus 
the use of selective living tissue for the growth of viruses — which today 
is practised on an enormous scale — ^was bom in Pasteur’s laboratory 
and this experimental work with rabies led on to the anti-rabies vaccine 
which was his last great effort in the field of immunology. Later, the 
demonstration of bacterial toxins by both French and German workers 
was Ae^ precursor of antitoxin therapy by von Behring, leadii^ on to 
Ehrlich’s concept of “magic bullets” and so to our modem chemo- 
therapy. 

This brief historical sketch illustrates the importance of micro- 
biology as an applied science, particularly in fermentation processes and 
m mfectious diseases. The term microbioU^y (as originally used by 
Pasteur) h preferred to bacteriology since it includes in the present 
context vimses, fungi and protozoa in addition to bacteria^ Only a 
small proportion of the myriads of microorganisms that abound in 
nature are disease-producing or pathogenic for man; most of the 
nunoorgamsms present on the skin and mucous membranes are non- 
pathogemc and are often referred to as commensals (table companions), 
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or if they live on food residues, as in the intestine, they may be called 
sa^ophytes. The term saprophyte is, however, commonly used in a 
wider sense to denote free-living bacteria in soil, water and decaying 
matter. In contrast, a parasite may be defined as a microm'ganism or 
some larger species {e.g. worms) that lives in or on, and obtains its 
nourishment from, a living host, and is potentially padiogonic. Some 
of the commensal bacteria which constitute the resident flora of the 
skin and mucous membranes may also be potentially pathogenic in 
the sense that they may initiate infection under certain circumstances, 
as when coliform bacilli from the gut set up infection in the urinary 
tract or when mouth streptococci become attached to diseased heart 
valves and cause endocarditis. 

Medical microbiology is concerned with the aetiology, pathogenesis 
(mode of infection), laboratory du^osis and treatment of infection in 
the individual and with the epidemiob^ (study of mass disease) and 
control of infection in the community. It therefore has close links with 
several other disciplines into which the traning of the doctor has been 
divided to form the medical curriculum, e.g. paAology, clinical medicine 
and surgery, pharmacology and therapeutics, and preventive medicine. 

The changes that occur in the host’s tissues as Ae result of infection 
are often recognised by the pathologist as specific or pathognomonic 
of a particular pathogenic microorganism, e.g. the circumscribed boil 
of the staphylococcus, the spreading cellulitis of the streptococcus, 
the red liver-like appearance (hepatisation) of the lung in pneumo- 
coccal pneumonia, the tubercles and the subsequent necrotic dianges 
(called caseation) of tuberculosis, the aortic disease and granulomata 
(gummata) of syphilis, and the typical intestinal ulcerations of typhoid 
fever and the dysenteries. But the prudent pathologist will usually 
seek to confirm' Us diagnosis of the cause of these macroscopic changes 
by taking smears and cultures from the lesions to demonstrate die 
microscopic germ. The pathology of infection provides a fascinadng 
but relatively unexplored field of study since it includes the affinity of 
pathogens for particular tissues and the initiation of infection as well 
as the characteristic tissue reactions. 

Microbiology has a close link vnth curative medicine in regard to 
the precise diagnosis and the rational treatment of microbial diseases. 
Certain infections are not ordinarily transmissible from one person to 
another, e.g. the urinary tract infections or subacute bacterial endo- 
carditis, and for these the term endagerum (or autogenous) infection may 
be used although an autogenous infection, for example, a boil resulting 
from infection with a staphylococcus on the victim’s skin or nose 
may be infatious in the sense of being transmissible to another person. 
Most of the common fevers— measles, whooping-cough, chidken pox, 
ttc.— art infectious otcomsnmiiaAk diseases. However, certain infections 
that are tr ansmissi ble feom animal hosts to man, cdled the zoonoses, 
are not ordinarily communicable from man to man, e.g, bubonic 
plague, brucellosis, rabies. 

The doctor engaged in the cue of side patients, be he general 
practitioner, surgeon or otiier medical spedali^ will often be altie tn 
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identify the pathogenic microorganism from the special clinical features 
of an infection and will accordingly prescribe the appropriate treatment. 
Sometimes the patient presents with a fever but no characteristic si^s 
or symptoms that will allow the doctor to make a precise diagnosis; 
this pyrexia of unknown— or uncertain— origin (P.U.O.) will require 
laboratory help to elucidate the cause of the fever. Even when the 
doctor identifies the infection from the patient’s signs or symptoms— 
sore throat, acute diarrhoea, pneumonia, meningitis — ^he will still need 
laboratory help since many of these syndromes are caused by different 
kinds of microorganisms, e,g, acute diarrhoea may be d^e to a wide 
range of pathogenic bacteria, viruses and protozoa. Mcieover, some 
of these pathogenic bacteria which are ordinarily sensitive to certain 
anti-microbial drugs, may acquire drug-resistance. Therefore with 
modern selective chemotherapy the effective treatment of\ the patient 
with a clinical infection requires the early isolation and iaentification 
of the infecting microorganism. In other words, the doctor has to 
identify and treat specific infections rather than clinical syndromes. 
When an infection is not amenable to chemotherapy as is the case with 
the toxic infections and most virus infections, antisera containing 
neutralising antibodies against the pathogenic agent (either specially 
prepared in animals like the horse or derived from human blood Le, 
gamma globulin) may be used either to treat the patient as in diphtheria 
or to give temporary protection to a person exposed to the risk of 
infection as in measles. 

Microbiology is closely concerned with the epidemiology and control 
of infection in any community where the transmission and disease- 
producing capacity of the infecting microorganisms is facilitated by 
environmental or host factors: e,g, overcrowding, contaminated food, 
drink or air, malnutrition, tissue ckmage. The term epidemiology has 
in the past been applied particularly to the study of the factors con- 
tributing to the endemic or epidemic prevalence of an infectious or 
communicable disease; but, as the name implies, it is concerned with 
the study of any community disease or disability and in recent years 
we have seen the application of epidemiological methods to many 
non-infective conditions. As a medical science it is particularly con- 
cerned with aetiological factors and it has had remarkable successes in 
their elucidation among both infectious and non-infectious diseases. 
Thus, the evidence that cholera and typhoid fever were due to living 
agents spread by water was produced from epidemiological data col- 
lected respectively by John Snow, a London anaesthetist and William 
Budd, a West Country doctor, 20 years or more before the aetiological 
agente were identified, pellegra was shown by Goldberger to be a 
deficiency disease long before vitamins were defined while in our own 
time, heavy cigarette smoking has been proved to be causally related 
to lung cancer although the carcinogenic agent has not yet been 
identified. 

In the study of the sources and modes of spread of infectious 
disea^s,^ microbiology has demonstrated the importance of cottiers \ 
that is, individuals who while not showing any clinical symptoms of 
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infection, carry and disperse a pathogenic microorganism and so 
contribute to the dissemination of infection in a community. Again, 
tests for the presence of antibodies to specific pathogens or their toxins 
have shown that latent or inapparent infections may play a large part 
in raising the resistance of a community to epidemic outbursts of 
disease. With a good knowledge of the epidemiology of a specific 
communicable disease, the Health Officer concerned with preventive 
medicine, knows what measures for its control are most likely to be 
effective and here again, in the field of prophylactic immunisation, the 
microbiologist has been a most valuable partner. 

Most of the major pestilences — typhus and typhoid fever, plague, 
cholera, smallpox and yellow fever — that used to decimate armies and 
beleaguered cities or spread like wild-fire round the world are now 
being controlled by good environmental sanitation, by the destruction 
of insect vectors such as louse, flea and mosquito, or by prophylactic 
vaccination. However, some of these great plagues, together with 
other global infections like malaria, tuberculosis and leprosy, the 
diarrhoeal diseases and the pneumonias, still take a heavy toll of life 
and health in most of the develgping countries. Pandemics of influenza 
still occur and respiratory infections are still the major cause of sickness 
in most countries. 

A community infection of a special kind still occurs among patients 
congregated in hospitals. Although the consequences of hospit^ cross- 
infection are much less serious than they were in Lister's day, we are 
reminded of the aphorisms of two great hospital reformers of the 
nineteenth century — Florence Nightingale’s pungent comment that 
“the first requirement of any hospital (is) that it do the sick no harm” 
and Sir James Y. Simpson’s conclusions after a most remarkable 
epidemiological survey of deaths from infection following amputations 
that “in treatment of the sick, there is ever danger in their aggregation 
and safety only in their segregation; and our hospitals should be con- 
structed so as to avoid . . . the former and secure . . . the latter condi- 
tion”. We are still far from achieving these worthy objectives. It is 
pertinent in these days when teaching hospitals are becoming the 
repositories of ageing patients with degenerative diseases to remind 
medical students and doctors that acute and chronic infections are still 
responsible for more than a third of all the illnesses requiring medical 
care and that in the most susceptible group of children under 5 years 
of age, infections account for over 80 per cent, of the total sickness. 

Microbiology developed originally as an applied science of particular 
importance in medicine, agriculture and industry. But it soon became 
obvious that the bacterial cell and its products had many attractions 
for the general biologist, the chemist, the physicist, the geneticist, the 
pharmacologist and other specialists as well as the bacteriologist, 
immunologist and pathologist. In its free living form, the bacterial 
cell with its simple food requirements, rapid growth and remarkable 
hardiness, and its great range of enzymes and diffusible products has 
become very acceptable for detailed study and, in the past few decades, 
bacterial physiology (sometimes called microbial chemistry) has made 
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many contributions to advances in our knowledge of cellular and mole> 
cular biology. Together with bacteriophage (its own particular parasite) 
the bacterial cell has been specially useful in advancing the science of 
genetics while the biochemist interested in enzymology finds it a most 
valuable granary. Although many of the developments in general 
microbiology are not immediately relevant to medicine, it is essential 
that the medical student should have some understanding of the 
anatomy and physiology of the bacterial cell and this aspect of micro- 
biology is discussed in the chapters that follow. 



CHAPTER 2 


MORPHOLOGY OF BACTERIA 

Microorganisms may be defined as living creatures that are micro- 
scopical in size and relatively simple, often unicellular in structure. 
The diameter of the smallest body diat can be resolved and seen clearly 
with the naked eye is about 100 (1 /x, or micron = 0"001 millimetres). 

All but a few of Ae microorganisms are smaller than this and a micro- 
scope is therefore necessary for their observation. The light microscope 
under optimal conditions can resolve bodies down to 0-2 /x in diameter, 
and this includes all microbes except the viruses, most of which are 
even smaller. The electron microscope has a limit of resolution 
better than O-OOOS /x {i.e. 0-5 m/x or millimicron =5 Angstrom Units), 
and can resolve even the smallest viruses (O-Ol (i diam.). It should be 
noted, however, that when bacteria or fungi are allowed to grow un- 
disturbed on a solid or semi-solid substrate, their numerous progeny 
accumulate locally to form masses, or colonies, which are readily 
visible to the naked eye. 

Living material, or protoplasm, is organised in units known as cells. 
Each cell consists of a body of protoplasm, the protoplast, enclosed by 
a thin semipermeable membrane, the plasma membrane or cytoplasmic 
membrafu, and also, in most cases, by an outer, relatively rigid cell wall. 
The protoplast is differentiated into a major part, the cytoplasm, and 
an inner body, the nucleus, which contains the hereditary determinants 
of character, the genes, borne on thread-like chromosomes. 

The bodies of higher plants and animals are multicellular, with 
interdependence and specialisation of function among the cells, the 
different kinds of cells being segregated in separate tissues. Many 
microorganisms, on the other hand, are unicellular, existing as single 
self-sufficient cells, unattached to their fellows. Other microorganisms 
grow as aggregates of cells joined together by their cell walls in clusters, 
chains, rods, filaments (hyphae) or mycelia {i.e. meshworks of branching 
filaments), and some grow as a plasmodium, i.e. a multinucleate mass of 
cytoplasm. Generally, these morphologically multicellular microbes 
are physiologically unicellular, eai^ ceU being self-sufficient and, if 
isolated artificially, being able to nourish itself, grow and reproduce the 
species. Some specialisation of cell function, approaching that of true 
multicellular organisms, is encountered in colonies of moulds and 
higher bacteria; thus, certain cells, which form an aerial mycelium, are 
specialised for the formation and dissemination of spores, and are 
dependent for their nutrition on the activities of other cells comprising 
a vegetative mycelium. 

The majority of microorganisms may be classified in the following 
large biological groups; (1) Al^e, (2) Protozoa, (3) Slime moulds, 

(4) Fungi proper, or Eumycetes, including the moulds and the yeasts, 

(5) Badteria, or Schizomycetes (“fission Wgi”), (6) RichettsiaJes, (7) 
Mycoplasmatales, and (8) Viruses, or Virales. The algae (except the 
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blue-green algae), the protozoa, slime moulds and fungi include the 
larger and more highly developed microorganisms; their cells have 
the same general t 3 rpe of structure and organisation, described as 
eucaryotic, that is found in the cells of higher plants and animals. The 
bacteria and the closely related blue-green algae, the organisms of 
the mycoplasma and rickettsia groups and the so-called “viruses” of 
the psittacosis-lymphogranuloma-trachoma group include the small er 
microorganisms having a simpler form of cellular organisation described 
as procaryotic (Stanier & van Niel, 1962). The viruses are the smallest 
of the microorganisms; the infectious virus particles, or, viricm, have 
a relatively simple structure that is not comparable with mat of a cell, 
and their mode of reproduction is fundamentally different from that of 
cellular organisms. \ 

Since the algae and slime moulds contain no species df medical or 
veterinary importance, they will not be dealt with in this'\book. The 


main differential characters of the other groups are as folloWs: 

Protozoa. — These are non-photosynthetic unicellular organisms'(a 
few are colonial) with protoplasm clearly differentiated into nucleus and 
c^oplasm. They are relatively large microorganisms, with transverse 
diameters naainly in the range 2-100 /i. Their surface membranes vary 
in complexity and rigidity from a thin, flexible membrane in amoebae, 
which allows major changes in cell shape and the protrusion of pseudo- 
podia in the movements of locomotion and ingestion, to a relatively 
stiff pellicle in ciliate protozoa, which preserves a characteristic shape 
to the cell. Most free-living, and some parasitic species have the mode 
of nutrition typical of animals, that called holozoici they capture, ingest 
and digest internally solid masses or particles of food material. Many 
protozoa, for instance, feed on bacteria. Protozoa, therefore, are generally 
regarded as the lowest forms of animal life, though certain flagellate 
protozoa are very closely related in their morphology and mode of 
development to photosynthetic flagellate algae in the plant kingdom. 
Some free-living protozoa are saprophytic, absorbing soluble nutrient 
substances derived from dead plant or animal material, or from the 
excretions of plants and animals. Many protozoa are parasitic and live 
in and derive their nourishment from the body of an animal host; some 
of these parasites ingest masses of solid material whilst others absorb 
soluble nutrients through their cell surface. Malaria parasites, for 
ms^ce, both absorb soluble nutrients from the host and ingest masses 
or host-cell cytoplasm. Protozoa reproduce asexually by binary fission 
or multiple fission (schizogony), and some also by a sexual mechanism, 
borne species exhibit a definite life cycle with both sexual and asexual 
p as^, and some form round, thick-walled resting cells, or “cysts", 

and spread of the organism 
ough the environment, where conditions may be unfavourable to 
survival of the vegetative forms. 

”on-photosynthetic microoi^ianisms possessing 
S^e In US?. I saprophytic or pan^tic. and 

surfaces. When solid food materials are utilised, these are first broken 
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Fig. 1 

down to soluble products by enzymes secreted extracellularly by the 
fungus. Except for the flagellate spores and gametes of the primitive 
aquatic species, fungi are non-motile. Moulds grow as branching fila- 
ments (hyphae), usually between 2 and 10 /u. in width, which interlace 
to form a meshwork (mycelium). The hyphae are coenocytic {i.e. have 
a continuous multinucleate protoplasm), being non-septate or else 
septate with a central pore in each cross-wall. Moulds reproduce by 
the formation of various kinds of sexual and asexual spores that develop 
from the vegetative (feeding) mycelium or from an aerial mycelium that 
effects their airborne dissemination. Yeasts are ovoid or spherical cells 
that reproduce asexually by budding and also, in many cases, sexually 
with the formation of sexual spores. They do not form a mycelium, 
although the intermediate yeast-Uke fusigi may form a pseudomycelium 
consisting of chains of elongated cells. The higher &ngi of ^e class 
Basidiomycetes (mushrooms), which produce hu^e fruiting structures 
for aerial dissemination of spores, play no part in infecti<m of man or 
animahi, though some species, e.g. Amamta fAalloides, are poisonous 
when eaten. 
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Bacteria are small microorganisms with a relatively simple and 
primitive form of cellular organisation (procaryotic). They are generally 

unicellular, but the cells may grow at- 
tached to one another in clusters, chains, 
rods, filaments or, as in the “higher 
bacteria” {Actinomycetales\ a mycelium. 
Their cells are smaller (usually between 
04 and l-S /* in short diameter) than 
those of protozoa and fungi, and in most 
cases they have relatively rigid cell walls 
which maintain their characteristic shape ; 
this may be spherical (coccm), rod-shaped 
(bacillus), comma-shaped (vibrio), spiral 
(spirillum and spiroc^ete)]^ or filament- 
ous. They show little strut^ral differ- 
entiation when examined ny ordinary 
microscopical methods, but special stain- 
ing methods show that they possess a 
central nuclear body which contains de- 
oxyribonucleic acid and divides by simple fission without evidence of 
mitosis or chromosomes. 

Genetical evidence suggests that bacteria carry their genes on a 
linear or circular filament equivalent to a single chromosome. They 
reproduce mainly by simple transverse fission (binary fission). Certain 
species form endospores as a resistant resting phase and some (actino- 
mycetes) reproduce by formation of conidia (i.e. exogenously formed 
asexual spores). Many species are motile by means of flagella, some 
(the spirochaetes) by active flexion of the cell body and some {e.g. the 
non-pathogenic myxobacteria) by an unexplained “gliding” process. 
Most are saprophytic or parasitic; a few are autotrophic and a few are 
photosynthetic {vide infra). (The photosynthetic bacteria, or “green” 
and “purple” bacteria, carry out a special kind of photosynthesis which 
differs from that of the blue-green algae and the higher algae and plaitfs 
in that it does not involve the production of oxygen.) Autotrophic and 
photosynthetic bacteria are inhabitants of soil and water, and afe 
harmless to man and animals. 

Bacteria are parasitic when they live on or in, and gain their nourish- 
ment, including organic nutrient compounds, from the body of an 
anmal host or a living plant. Non-parasitic and free-living bacteria 
mclude: (1) those that are saprophytic, i.e. absorb soluble organic 
nutrients derived from the dead bodies and excretions of plants and 
animals, (2) those that are autotrophic, i.e. nourish themselves on in- 
organic substances, deriving their carbon from COj and their energy 
inorganic nitrogen, sulphur or iron compound, and 
(J) those that ^0 photos^mthetic, i.e. obtain their carbon from CO, and 
j sunlight. Parasitic and saprophytic bacteria arc 

described M merotrophic because, in contrast with the autotrophs and 
photo^metic bacteria, they obtain their carbon and energy from ifie 
uissimilation of organic compounds. 
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Bacteria (together with the blue-green algae, Rickettsiales and Myco- 
plamatales) are distinguished from the higher microorganisms, phmts 
and animals by the simpler organisation of their ceUs. These are 
described as being procaryotic, in contrast with die cells of the higher 
organisms, which are termed eucaryotie. The main distinguishing 
features of the procaryotic cell are as follows. (1) Its nucleus appears 
as a simple, homogeneous body not possessing a nuclear membrane 
separating it from ^e cytoplasm, nor a nucleolus, nor a spindle, nor a 
number of separate non-identical chromosomes. (2) It lacks Ae in- 
ternal membranes isolating the respiratory and photosynthetic enzyme 
systems in specific organelles, comparable with the membrane-bounded 
mitochondria and chloroplasts of eucaryotie cells. Thus, the respir- 
atory enzymes in bacteria are located mainly in the peripheral c^- 
plasmic membrane and their effective functioning is dependent upon 
the integrity of the cell protoplast as a whole. (3) Its rigid cell wall 
contains as its main strengthening element a specific mucopeptide 
substance not found in eucaryotie organisms. This mucopeptide is the 
“target” of the antibacterial actions of penicillin and lysozyme. 

Rickettsiales are simple unicellular organisms that are rod-shaped, 
spherical or pleomorphic. They are genersdly similar to, though smaller 
than bacteria, but they are still resolvable by the light microscope (i.c. 
over 0-2 (i in diam.) and most species are not filterable through bacteria- 
stopping filters. The majority are strict parasites that can grow only 
in the living tissues of a suitable animal host, usually intracellularly. A 
few exceptional species (e.g. Bartonella bacilUformis, which is also ex- 
ceptional in being flagellate and motile) can grow in cell-free nutrient 
media containing body fluids. The organisms of psittacosis and 
trachoma, previously classed as viruses, are now included in this 
order. 

Mycopiasmatales (pleuropneumonia-like organisms, or PPLO) are 
procaryotic cellular organisms that differ from bacteria intheirsmallersize, 
their lack of a rigid cell wall, and their consequent extreme pleomorph- 
ism and great sensitivity to the osmotic tension in die environmoit. 
Cell size is variable and the viable elements range from 0*15 to over 
1 /i in diameter, the smallest being capable of passing through bacteria- 
stopping filters. Mycoplasmas can be cultivated on artificial cell-firee 
nutrient media enriched with serum and they are the smallest and 
simplest organisms capable of autonomous gro\^. Most are parasites 
of man or animals, but one knbwn species is a saprophyte present in 
soil and sewage. 

Vinues are the smallest and simplest of all the microorganisms and 
different species range in size from 0*01 to 0*3 fi. in diameter. Most are 
“ultramicroscopic” (i.e. are smaller than can be resolved by the li^it 
microscope, under 0*2 fi in diam.) and are filterable throu^ bacteria- 
stopping filters. All species are strictly parasitic and are capable of 
growing only within the living cells of an appropriate animal, plant or 
bacterial host; none can grow on an inanimate nutiimt med&tn. A 
few bacteria and ^e rickettsiae ramble viruses in their inahifity to 
grow elsewhere than in living cells, but the ^druses are disth^luMiied 
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from these organisms by having an entirely different method of growth 
and reproduction. 

Viruses lack biosynthetic and energy-yielding enzymes for the 
manufacture of their molecular components, and possess only one kind 
of nucleic acid, either ribonucleic acid (RNA) or deoxyribonucleic acid 
(DNA), instead of both as do cellular organisms. The infectious virus 
particle, “elementary body”, or virion^ introduces its nucleic acid into 
the host cell and the viral nucleic acid organises the synthetic systems 
of the host cell to manufacture viral molecular components (principally 
nucleic acid and protein) which are ultimately assembled to form a new 
generation of complete infectious virus particles. I 

The viruses that infect and parasitise bacteria are named bacterio- 
phages or phages, “Virulent” phages undergo free development inside 
the host bacterium, which after a short interval undergo^ lysis (dis- 
ruption) and liberates the resultant crop of infectious pha^e particles. 
“Temperate” phages become reduced within the host ba<^rium to a 
latent form, or prophage (believed to be the phage DNA incorporated 
in the bacterial chromosome), which is reproduced pari passu with the 
bacterium through many generations. Occasionally the prophage 
becomes vegetative and a crop of infectious phage particles is produced, 
with consequent lysis of the bacterium. A bacterium carrying latent 
prophage is termed lysogenic. 

The bacteria and viruses play the most important part in the causa- 
tion of human infective disease. Protozoal infections are more prevalent 
in tropical and subtropical countries, whilst the common fungal infec- 
tions are mainly superficial {e,g, skin infections) and often of minor 
severity. 

The remainder of this chapter and Chapter 3 will be devoted to the 
general biology of the bacteria. That of the other groups of micro- 
organisms will be dealt with in Chapters 5 and 31-41. 


MORPHOLOGICAL STUDY OF BACTERIA 

Microscopical examination is usually the first step taken for the 
identification of an unknown bacterium. The bacterium may be 
allocated to one or other of the major groups when its morphology and 
staining reactions have been observed. The morphological features of 
importance are the size, shape and grouping of the cells, and their 
possession of any distinctive structures such as endospores, flagella (or 
motility), capsules and intracellular granules. Staining reactions are 
observed after treatment by special procedures such as the Gram and 
Ziehl-Neelsen stains, the different kinds of bacteria being shown in 
separate colours due to their different permeability to certain decolour- 
agents. A preparation stained by one of these methods usually 
suffices for observation of the general morphology of the bacterium, 
but some morphological features can be demonstrated only by Ae 
application of further special stains. (For a full discut^ion of the prin* 
ciples of different staining procedures, see Lamanna and Mallette, 1959.) 
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The optical, or light microscope (employing visible light) is generally 
sufficient for making the observations of shape, staining reaction and 
special morphology that are required for the identification of a bacterium. 
The electron microscope, which has contributed much new information 
about the fine structure of the bacterial cell, is rarely required for diag- 
nostic work. It may be valuable, however, in enabling demonstration 
of certain structures of taxonomic importance, e.g. fimbriae, which 
cannot be demonstrated with the light microscope. 

Unstained Preparations of Living Organisms. — The morph- 
ology of bacteria can be studied in the first place by examining them 
microscopically in the unstained condition, suspended in a thin film of 
fluid between a glass slide and coverslip (*.«. in an “unstained wet 
film”). In this way their general shape can be seen and their motility 
determined. Certain very slender bacteria, however, such as the spiro- 
chaetes, are so feebly refractile that they can not be seen by the ordinary 
microscopic methods, and dark-ground illumination or phase-contrast 
microscopy is necessary for their demonstration. 

For the study of the development of individual organisms and the 
growth of bacteria in colonies, the “agar-block” method of 0rskov, and 
the microscope-incubator may be used. These methods enable living 
bacteria to be observed at intervals during their actual growth on a 
suitable substrate, and present a more natural picture than other 
procedures involving manipulations that may sometimes create 
artificial appearances. 

Stained Preparations. — The microscopical examination of fixed 
and stained preparations is usually an essential routine procedure. The 
bacteria are more readily discovered and studied when immobilised by 
fixation and darkly stained in contrast with the bright background. 
Simple staining is effected by the application of a watery solution of a 
single basic dye, e.g. methylene blue, methyl violet or basic fuchsin, 
or sometimes along with a mordant, e.g. dilute carbol fuchsin. The 
coloured, positively charged cation of ffie basic dye combines firmly 
with negatively charged groups in the bacterial protoplasm, especially 
with those of the abundant nucleic acids. The stain is retained through a 
subsequent washing with water for the removal of excess dye from the 
slide. Acidic dyes, having coloured anions, do not stain bacteria 
stroi^ly except at very acid pH values, and thus can be used for 
“negative staining” (see below). Cells or structures that stain with 
basic dyes at normal pH values are described as basophilic and those that 
stain with acidic dyes as acidophilic. 

Prior to staining, the film or smear of bacteria must be fixed on the 
slide. Fixation is usually effected by heat; the slide is first thoroughly 
dried in air and then heated gently in a flame. Vegetative bacteria are 
thereby killed, rendered permeable to the stain, stuck to the surface of 
the slide and preserved from undergoing autolytic changes. Chemical 
fixatives are used for sections of iiuected tissue and films of infected 
blood, since they cause less damage to the tissue ceils; they include 
formalin, mercuric diloride, methyl alothol and osmic add. 

It should be noted that the bacterial cell wall is not stained by 
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ordinary methods and the coloured body seen corresponds to the cell 
protoplasm only. This is usually much shrunken as a result of drying. 
Chains of stained bacteria thus show the coloured bodies separated by 
gaps that are the sites of unstained, connecting cell walls. 

Beaded and Bipolar Staining. — Certain bacteria do not colour evenly 
with simple stains. Thus, the diphtheria bacillus shows a “beaded” 
appearance, with alternating dark and light bars. The plague bacillus 
shows “bipolar staining”, the ends being more deeply coloured than 
the centre. The uneven staining may be due to the manner in which 
the protoplasm shrinks when the cell is dried and fixed. , 

"Negative” or Background Staining is of value as a ijapid method 
for the simple morphological study of bacteria. The bactena are mixed 
with a substance such as India ink, or nigrosin, which, afmr spreading 
as a film, yields a dark background in wUch the bacteria stand out as 
bright, unstained objects. \ 

Silver Impregnation methods are utilised for the staining of spiro- 
chaetes, especially for demonstrating these organisms in tissues. The 
slender cells are thickened by a dark deposit of silver on their surface. 

Impression Preparations are used for cytological studies when it is 
desired to avoid the distortion of cell structure and colonial arrange- 
ment inevitable in the normal procedure of preparing a smear, drying 
it and fixing it by heat. Bacteria, newly spread on the surface of an 
a^ medium, or grown on agar to form small colonies, are fixed in situ 
without drying, to a slide or coverslip. This is done by allowing a 
chemical fixative to diffuse through the agar from below. The fixed 
bacteria adhere to the glass when the agar is removed and can then be 
stained. 

Staining Reactions. — ^The staining reactions of bacteria are of the 
greatest importance in their differentiation and identification. Gram’s 
staining reaction has the widest application, dividing all bacteria into 
two categories, named “Gram-positive” and “Gram-negative”, accord- 
ing to whether or not the organisms resist decolourisation with acetone, 
alcohol or aniline oil after staining with a para-rosaniline (triphenyl- 
methane) dye, e.g. methyl violet, and subsequent treatment with iodine. 
The Gram-positive bacteria resist decolourisation and remain stained 
a dark purple colour. The Gram-negative bacteria are decolourised, and 
then counterstained light pink by the subsequent application of 
basic fuchsin, safranine, neutral red or dilute carbol fuchsin. In routine 
diagnostic work a Gram-stained smear is often the only preparation 
examined microscopically, since it shows clearly the general morphology 
of the bacteria as well as revealing their Gram-reaction. It should be 
noted that species which are characteristically Gram-positive, may 
appear Gram-negative under certain conditions of growth; thus, some 
show ^ increasing proportion of partly or wholly Gram-negative cells 
in ageing cultures on nutrient agar. On the other hand, characteristic- 
ally Gram-negative species do not produce cells that stain Gram- 
positively in correctly treated smears. 

Gram-reactivity appears to reflect a fundamental aspect of cell 
structure and is correlated with many other biological properties. Thus, 
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the different species of a single genus generally show the same reaction. 
Gram-positive bacteria are more susceptible than Gram-negative 
bacteria to the antibacterial actions of penicillin, acids, iodine, basic 
dyes, detergents and lysozyme, and less susceptible to alkalies, azide, 
tellurite, proteolytic enzymes, lysis by antibody and complement, and 
plasmolysis in solutes of high osmotic pressure. 

The mechanism of the Gram stain is not fully understood. Gram- 
positive organisms are able to retain basic dyes at a higher hydrogen-ion 
concentration than the Gram-negative species, showing an isoelectric 
point of pH 2-3 as compared with pH 4-5. The more acidic character of 
their protoplasm, which is enhanced by treatment with iodine, may partly 
explain their stronger retention of basic dye. It has also been su^ested 
that the difference in Gram reaction depends upon a difference in the 
permeability of the cell wall or the cytoplasmic membrane. After stain- 
ing with methyl violet and treatment with iodine, a dye-iodine complex, 
or “lake”, is formed within the ceil, which is insoluble in water but 
moderately soluble and dissociable in the acetone or alcohol used as the 
decolouriser. Under the action of the decolouriser, the dye and iodine 
diffuse freely out of the Gram-negative cell, but not from the Gram- 
positive cell, presumably because the latter’s surface is less permeable to 
the decolouriser or its iodine solute. It has recently been suggested by 
Salton (1963), that dehydration by the decolouriser and the action of the 
iodine play an important part in selectively decreasing the porosity of the 
cell wall of Gram-positive organisms. Whatever the complete mechanism 
of the reaction may be. Gram-positivity appears to depend upon the 
integrity of the cellular structure and the presence in the cell of a specific 
magnesium ribonucleate-protein complex (and perhaps also of other 
specific compounds). Thus, Gram-positive bacteria become Gram- 
negative if ^ey are ruptured mechanically, or if their magnesium 
ribonucleate is removed by autolysis or by treatment with bile salt or 
the enzyme ribonuclease. From cytological studies it seems that Gram- 
positive staining colours the whole cell, including the cell wall, but 
chemical analysis of isolated cell walls has not shown them to contain 
magnesium ribonucleate. 

^ The acid-fast staining reaction, as revealed by the Ziehl-Neelsen 
method is of value in distinguishing a few bacterial species, e.g. the 
tubercle bacillus, from all others. These “add-fest” bacteria are 
relatively impermeable and resistant to simple stains, but when stained 
with a strong reagent (basic fiichsin in aqueous 5 per cent, phenol, 
applied with heat), subsequently resist decolourisation by strong acids, 
e.g. 20 per cent. suIphuHc acid. Any decolourised non-acid-fast organ- 
isms are counterstained in a contrasting colour with methylene blue or 
malachite green. 

The acid-fast bacteria have an exceptionally rich and varied content of 
lipids, fatty acids and higher alcohols, and their add-fastness has been 
attributed to this, '^en the lipids, including those firmly bound in the 
protoplasm, are removed by treatment with suitable solvents, the cells are 
no longer add-fast One of the lipids peculiar to add-fast bacteria exhibits 
the property of add-&stness in me Itm state; ffiis is a wax my^dk add, a 
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high molecular weight hydroxy acid contmning carboxyl groups. The mere 
presence of such a substance in the cell is not by itself sufficient to explain 
acid-fastness, since the character is lost when the cell is ruptured by mechanical 
means or autolysis. Acid-fastness therefore depends on the structural integrity 
of the cell, its content of lipids and, possibly, a special anatomical disposition 
of the lipids. 


THE ANATOMY OF THE BACTERIAL CELL 

The essential structures of the bacterial cell are showpi in Figure 3. 
The protoplasty ue, the whole body of living material (protoplasm), is 
bounded peripherally by a very thin, elastic and semipermeable mem- 
brane called the plasma membraney or cytoplasmic membra^. Outside, 
and closely covering this, lies the rigid, supporting cell v^ally which is 
porous and relatively permeable. Cell division occurs by \the develop- 
ment, from the periphery inwards, of a transverse cjrtoplksmic mem- 
brane and a transverse cell wall, or cross wall. 



Fig. 3 

The essential structures of the bacterial cell. 
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The lytopla^, or main part of the protoplasm, consists of a watery 
sap packed with large numbers of small granules called ribosomes, 
which are visible only with the electron microscope. The “nucleus”, 
more properly called the nuclear body or chromatin body, is centrally 
placed ; it appears homogeneous with the light microscope and, usually, 
as a skein of parallel fibres in ultrathin sections under the electron 
microscope. In rapidly growing cells, nuclear replication and division 
proceed a little in advance of cell division, so that two, four or even more 
nuclei are seen within a single ‘cell’ as demarcated by transverse cell walls. 

In addition to these essential structures, other intracellular and 
extracellular structures may be present in particular species of bacteria, 
in some cases only under particular conditions of growth. In the 
c^oplasm, for instance, there may be present inclusion granules con- 
sisting of volutin, lipid, glycogen or starch, or membranous bodies 
called mesosomes. Outside the cell wall, there may be a protective 
gelatinous covering layer called a capsule or, when it is too thin to be 
resolved with the light microscope ( < 0-2 a mkrocapsule. Soluble 
large-molecular material may be dispersed by the bacterium into the 
environment as loose slime. Some bacteria bear, protruding outwards 
from the cell wall, one or both of two kinds of filamentous appendages, 
flagella, which are organs of locomotion, and fimbriae, which appear to 
be organs of adhesion. Because they are exposed to contact and inter- 
action with the cells and humoral substances of the body of the host, 
it is the surface structures of bacteria, the cell wall, capsule or micro- 
capsule, flagella and fimbriae, that are most likely to have a special 
role in the processes of infection. 

The methods of demonstration, the composition and the functional 
roles of the various bacterial cell structures are reviewed briefly below. 
Further details may be obtained from the books edited by Spooner 
and Stocker (19^ and Gunsalus and Stanier (1960). 

Cytoplasm m Bacteria. — ^The cytoplasm of the; bacterial cell is a 
viscous watery solution, or soft gel, containing a variety of organic and 
inorganic solutes, and numerous small granules called ribosomes. The 
ribosomes are 10-30 m/x in diameter and number tens of thousands 
per cell. They correspond to the microsomes of animal and plant cells, 
consist mainly of protein and ribonucleic acid (RNA) and are the sites 
of manufacture of the enzymes and other proteins of ^e bacterium, the 
specificity of these proteins being determined by messenger RNA trans- 
mitted to the ribosomes from the nucleus. The cytop^m of bacteria 
differs from that of the higher eucaryotic organisms in not containii^ 
an endoplasmic reticulum of membranes bearing microsomes, in not 
containing mitochondria and in not showing signs of internal mobility, 
c.g. cytoplasmic streaming, the formation, migration and dis{^>pearaatoe 
of vacuoles, and amoeboid movement. 

Nuclear Bodies. — In unstained bacteria, and in bacterk stained by 
the usual methods, the protoplast shows no differentiatiaa into 
and cytoplasm. However, by a special method it is p<^ble to ckmon- 
strate the presence of l^ies that correspond to nuclei, aldtough 
differii^ morphologically from the organised nucki of the eucaryodc 
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cells of animals and plants. After suitable fixation, the bacteria are 
treated with hydrochloric acid to reduce the staining affinity of the 
cytoplasm by removing its content of ribonucleic acid; on subsequent 
staining the nuclear bodies become deeply coloured and the c 5 rtopla 8 m 
only slightly coloured. The nuclear bodies are usually oval or elongated 
and lie transversely in the cell. They react positively to the Feulgen test 
for deoxyribonucleic acid (DNA), the essential constituent of the nuclei 
of the higher organisms. Unlike the intracellular storage granules de- 
scribed below, they are constantly present in all cells and under all 
conditions of culture. The nuclear bodies appear to incrcMe by growth 
and simple fission, and not by mitosis ; they show no evidence of possess- 
ing an outer nuclear membrane separating them from tne cytoplasm, 
a nucleolus or separate chromosomes. Genetic evidence obtained from 
studies of conjugation in one species, Escherichia coli, suggests that all 
the genes of a bacterium are carried in a single linkare group, or 
chromosome. The appearance of the nuclear body in ultratnin sections 
examined with the electron microscope is compatible with the bacterial 
chromosome occurring as a very long thin fibre folded backwards 
and forwards on itself in the form of a skein. Only a single nuclear 
body is present in some cells, whilst in others, as a result of nuclear 
division preceding cell division, two, four or even more nuclear bodies 
may be present. 

Inclusion Granules. — In many species of bacteria, rouiid granules 
are observed in the c 5 rtoplasm. These are not permanent or essential 
structures, and may be absent under certain conditions of growth. 
They appear to be aggregates of substances concerned in cell meta- 
bolism, e.g. an excess metabolite stored as a nutrient reserve. Generally, 
they are present in largest amount when the bacteria have access to an 
abundance of energy-yielding nutrients, and diminish or disappear 
under conditions of energy-source starvation (Wilkinson & Duguid, 
1960). They consist of volutin, lipid, glycogen, starch, or sulphur. 
Volutin and lipid granules, O-l-l-O /x in diameter, are seen in many 
parasitic and saprophytic bacteria, and their demonstration may assist 
in the identification of certain organisms; thus, the diphtheria bacillus 
may be distinguished from related bacilli found in the throat by its 
content of volutin granules. 

Volutin granules (syn. metachromatk or Babes-Emst granules) have 
an intense affinity for basic dyes. With toluidine blue or methylene 
blue, they stain metachromatically a red-violet colour, contrasting with 
the blue staining of the bacterial protoplasm. By special methods, e.g. 
Neisser’s and Albert’s, employing also iodine and/or a counterstain, the 
grwules can be demonstrated with even greater colour contrast; their 
staining, ut^e that of the protoplasm generally, is not bleached by the 
iodine or displaced by the counterstain. The metachiomatic staining 
of volutin granules is thought to be due to their content of pol 3 nnerised 
inorganic polyphosphate). This is an energy-rich compound which may 
act as a reserve of energy and phosphate for cell metabolism. Vohij^ 
granules are slightly acid-fast, resisting decolourisation by 1 per cent, 
sulphuric acid; they are more refractile than the protoplasm and are 
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sometimes distinguishable in unstained wet films. By electron micro- 
scopy they appear as very opaque, clearly demarcated bodies. 

Lipid granules are recognised by their affinity for fat-soluble dyes 
such as Sudan black. Thus, by Burdon’s method they are coloured 
black in contrast to the remaining protoplasm, which is counterstained 
pink with basic fuchsin. The granules are spherical, of varyii^ size 
and highly refractile, being easily seen in unstained preparations. They 
are slightly acid-fast and may be stained by the modified Ziehl-Neelsen 
method used for spores. They resist staining by basic dyes and appear 
as unstained spaces in bacteria treated with simple stains or by Gram’s 
method. Lipid granules resemble endospores (see below) in their acid- 
fast staining and their resistance to simple stains, but are distinguished 
by their staining with Sudan black, their smaller size and their frequent 
occurrence in numbers of more than one per cell. In the bacteria so far 
subjected to chemical analysis, the granules appear to consist mainly of 
polymerised jS-hydroxybu^ic acid (or poly-j8-hydroxybutyrate). The 
manner in which the lipid content of bacteria varies with the conditions 
of culture suggests that this substance may act as a carbon and energy 
storage product. 

Polysaccharide granules that stain with iodine like either glycogen 
(red-brown) or starch (blue) can be seen in the cytoplasm of certain 
bacteria. Many other species, e.g. Escherichia coli, do not form granules 
visible with the light microscope but, when grown with abundant 
carbon- and energy-yielding nutrients, show a diffuse staining of their 
cytoplasm with the periodic acid-Schifit stain for polysaccharides. In 
Esch. coli this cytoplasmic polysaccharide is glycogen and it is present 
as minute granules visible as clear areas under the electron micro- 
scope. 

Mesosomes are intracytoplasmic bodies of unknown function that 
have been seen with the electron microscope in some ultrathin sections 
of bacteria. Th^' consist of a convoluted membrane. In some cases 
the membrane is seen to be derived by invagination from the plasma 
membrane. 

Plasma Membrane (Cytoplasmic Membrane). — ^The bacterial 
protoplast is limited externally by a thin, elastic plasma membrane, which 
is 5-10 m/i thick, consists mainly of lipo-protein and is visible in some 
ultrathin sections examined electron-microscopically. It constitutes an 
osmotic barrier impermeable to many small molecular solutes and is 
responsible for maintaining the differences in solute content between 
the c 3 rtoplasm and the external environment. It permits the passive 
diffusion inwards and outwards of water and certain other small 
molecular substances, especially lipid-soluble ones, and it also effects 
actively the selective transport of specific nutrient solutes into the cell 
and tiut of waste products out of it. In addition to the enz 3 rmes, or 
permeases, responsible for the active uptake of nutrients, it contains also 
many other kinds of enzymes, notably respiratory enz 3 naie 8 and pigments 
(cytochrome system), certain enzymes of the tricarboxylic acid cyde 
and, probably, polymerising enzjrmes that manufacture ffie substances 
of the cdl wall and extracellular structures. The plasma membrane has 
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little mechanical strength and is supported by the enclosing ceil wall 
to which it normally adheres very closely. 

Cell WalL — ^The cell wall is the covering layer that encases the 
protoplast and lies immediately external to the plasma membrane. It 
is 10-25 la fi thick, strong and relatively rigid, though with some 
elasticity, and openly porous, being freely permeable to solute 
smaller than 10,000 in molecular weight and 1 m/u. in diameter. It is 
responsible for supporting the weak plasma membrane against the high 
internal osmotic pressure of the protoplasm (usually between 5 and 25 
atmospheres) and for maintaining die characteristic ishape of the 
bacterium, e.g. coccal, baciUary, filamentous or spiral, prom a mech- 
anical point of view the cell wall may be likened to the oiiter cover, and 
the plasma membrane to the inner tube of the pneumatic tyre of a 
motor car. \ 

The integrity of the cell wall is essential to the viability of the 
bacterium. If the wall is weakened or ruptured, the protoplasm swells 
from osmotic imbibition of water, bursts the weak plasma membrane 
and escapes. The bacterium thus becomes disintegrated and dies. 
The process of lethal disintegration and dissolution is termed lysis. 
When the rupture occurs locally in some part of the cell wall and a 
bubble of protoplasm is extruded there, the process is called plasmoptysis. 

When intact bacteria, particularly Gram-negative bacteria, are 
placed in a solution of very high solute concentration and osmotic 


pressure, water may be withdrawn osmotically from the protoplast to 
the extent that this shrinks, detaching and retracting the plasma mem- 
brane from the cell wall. This process is called plasmolysis, A similar 
process takes place when bacteria are dried, as in preparing a dry film 
on a microscope slide. Plasmolysis may be reversible or it may be lethal. 

The cell wall plays an important part in cell division. A transverse 
p^ition of cell wall material grows inwards, like a closing iris dia- 
phragm, from the lateral wall at the equator of the cell and forms a 
complete aoss wall separating two daughter cells. Splitting of the 
cross wall occurs immediately or at some time after its formation and 
results in liberation of the daughter cells. In cases where bacteria 
grow firmly attached together in clusters {e.g. staphylococci), pairs {e.g. 
pneumococci), chains {e.g. streptococci) or rock and filaments (e.g. 
Baallus antkram), the attachment depends on the cell walls remaining 
m continuity, i.e. without splitting of cross walls, for the duration of 
several generation after cell division. 

. ^ seen in conventionally stained smears examined 

hght microscope; it generally remains unstained and lies, 

protoplast. It can be 

demontrated by special staming methods but most readily and clearly 

emo^Sf ®«=tioi and. as ai 

surrounding the shrunken protoplast, in whole-ccll prepara- 
tions shadowcast with heavy metal. 

in composition of the cell waU (Salton, 1%0; Strom- 

bS ki considerably between different bacterial species, 

but m all species the mam strengthening component (the “basal struc- 
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ture”) is a mucopeptide (glycopeptide) substance. The mucopeptide is 
composed of acetylglucosamine and acetylmuramic acid molecules 
linked alternately in a chain, the acetylmuramic acid molecules each 
carrying a short peptide side-chain containing D- and L-alanine, 
D-glutamic acid and either L-lysine or diaminopimelie acid. The wall 
also contains some other components (collectively called the “special 
structure") whose nature and amount vary with the species and whose 
role is untoown. In Gram-positive bacteria the special structure is 
generally simple and minor in amount; e.g. in Staphylococcus aureus 
it consists of teichoic acid (ribitol phosphate polymer) and glycine, and 
makes up only about 20 per cent, of the weight of the wall. In Gram- 
negative bacteria it is complex and large in amount, e.g. in Escherichia 
coU it comprises lipid, polysaccharide, protein and lipopol 5 rsaccharide 
(endotoxin) and makes up over 80 per cent, of the wall weight. 

The presence of a muramic acid-containing mucopeptide has 
recently been demonstrated in rickettsiae and “viruses” of the psitta- 
cosis group, and this is taken to indicate that these organisms are 
phylogenetically related to the bacteria rather than to true viruses, in 
which muramic acid has not been found. 

The cell wall, and in particular its basal mucopeptide component, 
is the target of the action of a variety of antibiotics and other anti- 
bacterial i^ents. Penicillin, bacitracin, novobiocin, oxamycin (D-cyclo- 
serine) and gentian violet are known to interfere with particular stages 
in the manufacture of the mucopeptide, and bacteria growii^ in their 
presence form defective cell walls (and cross walls) and, as a result, 
undergo lysis and die. The body defence substance, lysozyme, which 
lyses bacteria of many species, dissolves the mucopeptide by deaving 
the acetylglucosamine from the acetylmuramic acid molecules. Bacterio- 
phages possess a lysozyme-like enzyme that effects their initial penetra- 
tion into the bacterium and, after they have reproduced, causes lysis 
of the bacterium. 

It should be noted, moreover, that bacteria themselves possess 
enzymes, caUed autolysins, able to hydrolyse their own cell-wi^ sub- 
stances. Under some unfavourable physiological conditions the auto- 
lysins may act to bring about massive lysis, but normally their action 
is kept in check and is probably confined to the minor removal of wall 
substance necessary for remodelling of the cell wall in the course of 
growth. 

Weakening, removal or defective formation of the cell wall is in- 
volved in the production of the abnormal forms called spheropkats, free 
protoplasts, pleomorphic involution forms and L-forms (see below). 

Capsules, Microcapsules and Loose Slime. — Many bacteria are 
surrounded by a discrete covering layer of a relatively firm gelatinous 
material that lies outsit and immediately in contact with the cdl waU. 
When Ais layer, in the wet state, is wide enough (0-2 fi, or more) to 
be resolved witii the light microscope, it is called a cttpsuk. Whep it 
is narrower, and detectable only by indirect, serologkal means, or by 
electron microscopy, it may be termed a mkrocapsuie (Wilkinson, 1958). 
The capsular gel consists largdy of water and has only a small content 
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{e.g. 2 per cent.) of solids. In most species, the solid material is a 
complex pol 3 rsaccharide, though in some species its main constituent 
is pol 3 rpeptide or protein. 

Loose slime, or free slime, is an amorphous, viscid colloidal material 
that is secreted extracellularly by some non-capsulate bacteria and also, 
outside their capsules, by many capsulate bacteria. In capsulate 
bacteria the slime is generally similar in chemical composition and 
antigenic character to the capsular substance. When slime-forming 
bacteria are grown on a solid culture medium, the slime remains around 
the bacteria as a matrix in which they are embedded aid its presence 
confers on the growths a watery and sticky, “mucoid” maracter. The 
slime is freely soluble in water and, when the bacterial are grown or 
suspended in a liquid medium, it passes away from them^and disperses 
through the medium. \ 

' Demonstration . — Capsules and slime have little affiinty for basic 
dyes and are usually invisible in films stained by ordin^ methods, 
e.g. Gram’s and Leishman’s. Capsules are most likely to be visualised 
by these stains, as either clear or coloured haloes, when the bacteria are 
contained in blood, pus or serous fluid. Special methods are available 
for the “positive” or “negative” staining of capsules, some being 
applied to dry, and some to wet films. Since capsules consist largely 
of water, they shrink very greatly on drying. For this reason, dry-film 
methods of demonstrating capsules are unreliable; the capsules may 
shrink so much that they become invisible or, on the other hand, 
shrinkage artefacts may give the appearance of capsules on non- 
capsulate bacteria. The most reliable method of demonstration is by 
^’negative” staining in wet films with India ink; the carbon particles 
of the ink make a dark background in the film, but cannot penetrate 
the capsule, which thus appears as a clear halo around the bacterium. 
When bacteria that have been grown on solid medium are being ex- 
amined for capsules, it is important that they should first be washed or 
suspended for a sufficient time in water to ensure the removal of any 
loose slime. Loose slime can be observed when films are made directly 
from the solid medium. 

Because of their low solid content and tendency to shrink greatly 
■on drying, capsules and microcapsules are not easily demonstrated with 
the electron microscope. A large capsule is commonly seen only as an 
indefinite narrow zone of slight opacity that blurs the otherwise clear-cut 
•edge of the cell wall. Microcapsules may not be seen at all and for this 
reason the presence of microcapsules has generally to be deduced from 
■serological evidence that the cell-wall antigen {e.g. the O, or somatic 
antigen in enterobacteriaceae) is masked by a covering layer {e.g. of K, 
•or “capsular ” antigen). 

In attemptii^ to demonstrate capsules it should be remembered 
that their development is often dependent on the existence of favourable 
■environmental conditions. Thus, their size may vary with the amount 
of carbohydrate in the culture medium available for nutrition -of. the 
kbacteria. In the later stages of ^owth in artificial culture {e.g. 12-24 hr.) 
ithey may become reduced in size due to carbon and energy starvation. 
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or they may disappear due to the accumulation in the medium of 
capsule-degrading enzymes (e.^. hyaluronidase in the case of Strepto- 
coccus pyogenes). 

Function . — Little definite is known about the functions of capsules 
and microcapsules, but it is probable that their principal action is in 
protecting the cell wall against attack by various kinds of antibacterial 
agents, e.g. bacteriophages, colicines, lysozyme and other lytic enzymes, 
that otherwise would more readily damage or destroy it. In the case 
of certain capsulate pathogenic organisms {e.g. pneumococcus, pyogenic 
streptococci, anthrax bacillus and plague bacillus) good evidence has 
been obtained to show that the capsule protects the bacteria against 
ingestion by the phagoq^es of the host. The capsule is thus an im- 
portant agent determining virulence and non-capsulate mutants of 
these bacteria are found to be non-virulent. In some organisms the 
capsule contains more than one functional component. Thus, Strepto- 
coccus pyogenes, which under favourable conditions of growtii forms an 
anti-phagocytic capsule composed of hyaluronic acid, usually possesses 
also a second surface substance, M protein, which inhibits either the 
ingestion or the intracellular digestion of the cocci by the plu^cytes; 
the M protein occurs in association with the hyaluronic acid capsule 
or, when the latter is absent, by itself in the form of a microcapsule. 
In Bacillus anthracis the capsule (polymer of D-glutamic acid) protects 
the bacteria not only against phagocytosis but also, to some extent, 
against the action of a bactericidal basic polypeptide present in animal 
tissues. 

The capsular substance is usually antigenic (see below) and the 
capsular antigens play a very important part in determining the im- 
munological specificity of bacteria. 

Flagella and Motility. — Motile strains of bacteria possess fila- 
mentous appendages known as flagella, which effect screw-like pro- 
pulsive movements and act as organs of locomotion. The flagellum is 
a long, thin filament, twisted spirally in an open, regular wave-form. 
It is about 0-02 n thick and is usua% several times the length of the 
bacterial cell. It originates in the bacterial protoplasm and is extruded 
through the cell wall. According to the species, there may be one or 
several {e.g. 1-20) flagella per cell, and in elongated bacteria the arrange- 
ment of Ae flagella may ^ peritrichous, or lateral, when they originate 
from the sides of the cell, or polar, when they originate from one or both 
ends. Where several occur on a cell, they may frnction coiled togeffier 
as a single “tail”. Flagella consist largely or entirely of a protein, 
flageltin, belonging to the same chemi(^ group as myosin, the con- 
tractile protein of muscle. They can be demonstrated easily and dearly 
with the electron microscope, particularly in metal-shadowed prqma- 
tions or preparations “negatively” stained with phosphotungstic add 
(PTA), usually appearing as simple fibrils without internal (merentia- 
tion. In some PTA preparations the flagellum appears as a hdlow tube 
formed of helically twisted fibrils, and the fla^lia of some bacteria, 
e.g. vibri(», have an outer sheath; but bacterial flagella do not have die 
complex structure of the fliagdla and cilia of plants and anunals, which 
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in all cases consist of two central and nine peripheral fibrils contained 
in a tube-like sheath. They are invisible in ordinary preparations by 
the light microscope, but may be shown by the use of special staining 
methods that involve mordanting and deposition of stain, and in special 
circumstances by dark-groimd illumination. Because of the difficulties 
of these methods, the presence of flagella is commonly inferred from 
the observation of motility. 

Motility may be observed either microscopically or by noting the 
occurrence of spreading growth in semi-solid agar medium. On micro- 
scopic observation of wet films, motile bacteria are seen (swimming in 
different directions across the field, with a darting, wrigglinjg or tumbling 
movement. True motility must be distinguished from a drifting of 
the bacteria in a single direction due to a current in the liquid, and also 
from Brownian movement, which is a rapid oscillation of ea^ bacterium 
within a very limited area due to bombardment by the water molecules. 

Among the spirochaetes, motility appears to be a function of the 
cell body, since fiagella do not occur. The most characteristic move- 
ment is a fast spiral rotation on the long axis with slow progression in 
the axial line; movements of flexion and lashing movements may be 
observed. Some spirochaetes possess an axial filament and others a 
band of fibrils wound around their surface from pole to pole. It has 
been suggested that these structures may contribute to motility, either 
through being themselves contractile or by acting as stiffeners for recoil 
against the contractile protoplast. 

Function . — It is not known with certainty what advantage a bac- 
terium derives from its capability of active locomotion. Motility may 
be beneficial in increasing the rate of uptake of nutrient solutes by 
continuously changing the environmental fluid in contact with the 
bacterial cell surface. Random movement and dispersion through the 
environment may be beneficial in ensuring that at least some cells of a 
strain reach every locality suitable for colonisation. There is, moreover, 
good evidence that the movement of many bacteria is directed by tactic 
responses of the organism towards localities favourable to grovi^ and 
away from unfavourable regions. Thus, bacteria tend to migrate 
towards regions where there is a higher concentration of nutrient 
solutes and away from regions containing higher concentrations of 
disinfectant substances. Motile aerobic bacteria show positive aero- 
taxis and migrate towards regions where there is a higher concentration 
of dissolved oxygen; anaerobes migrate away from such regions. 

It may be supposed that the power of active locomotion will assist 
pathogenic bacteria in penetrating through viscid mucous secretions 
and epithelial barriers, and in spreading throughout the body fluids and 
tissues, but it must be noted that many non-motile pathogens {e.g. 
brucellae Md streptococci) are not any less invasive than motile ones. 

Fimbriae. — Certain Gram-negative badlli, including saprophytic, 
intestinal commensal and pathogenic species in the family Entero~ 
bacteriaceae^ possess filamentous appendages of a diSeient ^nd ftom 
die flagella. Th^ are called jimbriae, and they occur in some non- 
motile, as well as in some motile strains. They arc far more numerous 
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than flagella (e.g. 100-500 being borne peritrichously by each cell) and 
are much shorter and only about half as thick (e.g. varying from O-l 
to 1*5 fi in length and having a uniform width between 4 and 8 mju). 
They do not have the smooAly curved spiral form of flagella and are 
mostly more or less straight. They cannot be seoi wifli the light 
microscope but are clearly seen with the electron microscope in me^- 
shadowed preparations and preparations negatively stained with 
phosphotungstic acid. 

Most potentially (i.e. genetically) fimbriate strains of bacteria readily 
undergo a reversible variation between a fimbriate phase and a non- 
fimbriate phase and this variation is affected by the conditions of growth. 
The fimbriate phase becomes predominant, and the majority of bacilli 
in the culture fimbriate, as a result of prolonged culture or serial (48 
hourly) subculture, in static liquid medium incubated aerobically. The 
non-fimbriate phase predominates and cultures consist entirely or 
almost entirely of non-fimbriate bacilli when growth is carried serially 
on a solid culture medium. 

Function . — ^There is evidence that fimbriae may function as organs 
of adhesion. The possession of fimbriae confers on bacilli the power 
of adhering firmly to solid surfaces of various kinds, including those 
of the cells of animals, plants and fungi. Comparable non-fimbriate 
bacilli do not adhere when they collide with such surfaces. The 
adhesive property may be of value to the bacteria in holding them in 
nutritionally favourable micro-environments. Moreover, bacteria grow- 
ing in sti^nant liquid medium under air are assisted by the possession 
of fimbriae to grow attached together in the form of a pellicle that floats 
on the surface of the medium where the growth is greatly enhanced by 
the free supply of atmospheric oxygen. 

Haemaggbttination . — ^The majority of fimbriate bacteria bear fimbriae 
of a t 3 rpe that enables them to adhere to, among other kinds of tissue 
cells, the red blood cells of many animal species (e.g. to guinea-pig, 
fowl, horse and pig red cells very strongly, to human cells moderately 
strongly, to sheep cells weakly and to ox cells scarcely at all). If a drop 
of a concentrated suspension of fimbriate bacilli is mixed for a few 
minutes with a drop of a suspension of red cells, preferably guinea-pig 
>'ed ceils, the adhering bacilli bind the red cells together in clumps 
visible to the naked eye. A simple haemagglutination test can thus be 
used to determine whether a culture contains fimbriate bacilli. 

There <»dst different kinds of fimbriae having different adhesive 
properties. The commonest kind (e.g. in escheridiia, salmondla and 
shigella or^misms) is about 8 m/i in width, and it may be rect^nised 
by the observation that its adhesive and haemagglutinating actions are 
completely and specifically inhibited by the addition of a small amount 
(0-l-0*5 per cent.) of D-mannose to the test mixture (i.e. its activities 
are mannose-sensitive). In addition to, or instead of such fimbriae, 
some klebsidk and serratia orgamsms possen *‘thin" fimbriae, about 
S tup. m mdfla*, these do not agg)uidnate ted cdk unless tbe odls ate 
first hfiatfd or tanned, and their adherive j^roperttes are unaffected by 
niannose. Proteus organisms possess a third kind of fimbriae, vririch 
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have mannose-resistant haemagglutinating activity against untreated 
red cells of certain species. A few salmonella organisms (e.g. S. 
galUnarum and S. pullorum) possess a fourth kind of fimbrae, apparently 
devoid of all haemagglutinating and adhesive properties. It should 
be noted also that some bacteria, e.g. a minority of strains of Esch. 
coK, possess haemagglutinating factors (mannose-resistant) that are 
not associated with fimbriae. 

For further information see Duguid and Gillies (1957) and Dumiid 
(1959). ® 

BacterM Reproduction.— Among the “lower” or jtnie bacteria, 
multiplication takes place by simple binary fission. Thejcell grows in 
size, usually elongating to twice its original length, and tlte protoplasm 
becomes divided into two approximately equal parts by me ingrowth 
of a transverse septum from the plasma membrane and dell wall. In 
some species, the cell wall septum, or cross wall, splits in Wo and the 
daughter cells separate almost immediately. In others, the cell walls 
of the daughter cells remain continuous for some time after cell division 
and the organisms grow adhering in pairs, clusters, chains or filaments. 
If cross wall splitting is thus delayed in an organism in which the 
cross walls of successive cell divisions are all formed in parallel planes, 
the cells will be grouped in pairs, chains, rods or filaments. If it is 
delayed in an organism which forms successive cross walls in different 
planes, e.g. ones at right angles to each other, the cells wUl be grouped 
m pairs and either cubical or irregular clusters. Under favourable 
conditions, growth and division are repeated with great rapidity, e.g. 
every half-hour, so that one individual may reproduce thousands of 
milhons of new organisms in less than a day. E.g. a bacterium dividing 
in two every 20 min. multiplies about 1,000,000,000-fold in 10 hr. 
Among the spirochaetes, transverse fission occurs as in other bacteria. 

In the higher” or mycelial bacteria, growth takes place by extension 

of the vegetative filaments, and multiplication by transverse division 
of Aese mto shorter forms, or by the liberation of numerous conidia 
{vide f«pra) which later germinate and give rise to fresh mycelia. 

Some observers have described more complex processes of repro- 

postulated life cycles comprising diffwent 
to WwSl k ^owtvtr, the forms presumed 

Slk and ?h ® P***"®® degenerate involution 

* evidence at present available does not warrant acceptance 

bac^er^ r^roduction does not occur commoSly in 

b^eria, but genetical evidence has been obtained that, in a few 

-d 

ff particularly those of the genera 
endospore, whereby the organism can survive in a dormant state through 

«ch .pore gives rUe to a Jingle v^atire cdl 
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The shape and situation of spores in 
the bacterial cell. 


Sporulathn, Although it has been suggested that spores are formed 
spontaneously, as an intermediate stage in a bacterial life cycle, it seems 
more likely that sporulation occurs as a response to starvation. It does 
not take place as long as conditions continue to favour maximal vege- 
tative growth, but occurs when growth is being arrested, as in die later 
stages of artificial culture. In certain 
species, sporulation can be induced 
by depletion of the supply of one of 
the nutrients necessary for vegetative 
growth, e.g. the carbon and energy 
source, the nitrogen source, sulphate, 
phosphate or iron salt: at the same 
time, the process requires a continued 
supply of other minerals (K, Mg, Mn 
and Ca salts) and favourable con- 
ditions of moisture, temperature, pH, 
oxygen tension, etc. The spore is 
formed inside the parent vegetative 
cell (hence the name “endospore”). 

It develops from a portion of proto- 
plasm near one end of the cell (the 
“forespore”), incorporates part of the 
nuclear material of the cell and acquires 
a thick covering layer, the “cortex”, 
and a thin, but tough, outer “spore 
coat” consisting of several layers. The appearance of the mature spore 
varies according to the species, being spherical, ovoid or elongated, 
occupying a terminal, subterminal or central position, and being nar- 
rower than the cell, or broader and bulging it. Finally, the remainder 
of the parent cell disintegrates and the spore is freed. 

ViMHty . — Spores are much more resistant than the vegetative 
forms to injurious chemical and physical influences, including exposure 
to disinfectants, drying and heating. Thus, their killing requires 
application of moist heat at 100°-120° C. for a period {e.g. 10 min.) 
although heating at 60° C. would suffice to kill the v^etative cells. 
Spores may remain viable for many years, either when in the dry state 
or in moist conditions unfavourable to growth, as in absence of nutrients 
sufficient to maintain the minimal metabolism of the vegetative form. 
The high resistance of spores has been attributed to several factors in 
which they differ from vegetative cells: the impermeability of their 
cortex and outer coat, their high content of calcium and ^picdinic 
acid, their low content of water (maybe 5-20 per cent.), and their very 
low metabolic and enzymatic activity. 

Germmatim of the spore occurs when the external conditions become 
favourable to growfli by access to moisture and nutrients, in particular 
to tri^r nutrients such as L-alanine, inosine or glucose m «ilain 
Bacillus species. Spores that have survived exposure to sevme advnae 
influences such as heat are found to be much more exacting than normal 
spores in their requirements for germination. For this reason, ^ledatty 
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enriched culture media are used when testing the sterility of materials, 
such as surgical catgut, which have been exposed to disinfecting 
procedures. In the process of germination, the spore swells, its cortex 
disintegrates, its coat is broken open and a single vegetative cell 
emerges. 

Demonstration . — In unstained preparations the spore is recognised 
within the parent cell by its higher refractility. It is larger tTian lipid 
inclusion granules and is often ovoid, in contrast to the spherical shape 
of the lipid granules. When matiure it resists colouration by simple 
stains and Gram’s stain, appearing as a clear space within the stained 
cell protoplasm. Spores are slightly acid-fast and i^y be stained 
differentially by a modification of the Ziehl-Neelsen ^ethod. The 
shape of the spore (spherical or ovoid), its size, as judged by whether 
or not it “bulges” the bacillus containing it, and its ^sition in the 
bacillus (central, subterminal or terminal) are features \that may be 
characteristic and important in the identification of a bacterial species. 
The simple observation that a bacterium is a spore-former limits its 
possible identity to species belonging to a very few genera. 

Conidia {exospores ). — Some of the mycelial bacteria {Actinomycetaks) 
forrn conidia, resting spores of a kind different from endospores. The 
conidia are borne externally (extracellularly) by abstriction from the 
ends of the parent cells (conidiophores) and are disseminated by the air 
or other tneans to fresh habitats. They are not specially resistant to 
heat and disinfectants. 


Pieomorphism and Involution. — In the course of growth, 
bacteria of a single strain may show considerable variation in size and 
shape, forming a proportion of cells that differ grossly from the normal, 
^g. swollen,^ spherical and pear-shaped forms, elongated filaments and 
filaments with localised swellings. This pieomorphism occurs most 
readily in certain species (e.g. Streptobacillus moniliformis, Pasteurella 
pestts), m ageing cultures on artificial medium and, especially, in the 
antagonistic substances such as penicillin, glycine, lithium, 
chloride, sodium chloride in high concentrations, and organic acids at 
low pH. The abnormal cells are generally regarded as degeneration or 
tmolutum forms; some are non-viable, whilst others may grow and 
revert to the nomal form when transferred to a suitable environment. 
In many cases the abnormal shape seems to be the result of defective 
cell-waU synthesis; the growing protoplasm expands the weakened 
wall to produce a ^otesquely swollen cell comparable to a spheroplast 
(see below), which later usually bursts and lyses. ^ 

walKmJjif®** ^toplaats.— If bacteria have their cell 

“ weakened while they are held in a medium of high 
® ^ O'2-I O M sucrose with 0*01 M Mg++) to 

osmosis, they may escape being Ijied 

residual cell wall thw ^ *^*^4 enclosed by an intact, but werdeaned 

rwduf remtarTfr Protoplasts, for example, 

eadUy liberated from the Gram-positive bacillus, BaeiUm ma- 
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teriumy by dissolution of the cell walls with egg-white lysozyme. 
Spheroplasts are readily produced from Gram-negative bacilU such as 
Escherichia coli by growing the organism in the presence of a substance, 
e.g* penicillin, bacitracin, oxamycin or glycine, that specifically inhibits 
synthesis of the mucopeptide component of the cell wall. A similar 
result may be obtained by culturing certain bacteria on medium lacking 
a nutrient, e.g. diaminopimelic acid, lysine or hexosamine derivative, 
that they require specifically for cell-wall synthesis. 

Protoplasts and spheroplasts are osmotically sensitive; they vary in 
size with the osmotic pressure of the suspending medium and if the 
medium is much diluted, e.g. until isotonic with body fluids, they swell 
up, burst and perish by lysis. If maintained in an osmotically protective 
nutrient medium, they remain viable and continue to metabolise, 
synthesise and grow. Protoplasts enlarge but do not multiply. Sphero- 
plasts, when kept on an osmotically protective agar medium containing 
a cell wall inhibitor such as penicillin, may multiply by fission or 
budding and reproduce through many serial subcultures. The sphero- 
plasts of Gram-negative bacilli, because they retain a residud wall 
structure, are not as osmotically sensitive as free protoplasts and are 
often capable of growing on an ordinary agar culture medium. Proto- 
plasts have not been found capable of re-forming their cell walls and 
reverting to normal bacterial morphology, but spheroplasts commonly 
revert en masse when transferred to culture medium lacking the cell 
wall inhibitor. Spheroplast cultures have sometimes been called 
“unstable L-forms'* on account of their resemblance in colonial and 
cellular morphology to the stable L-forms of bacteria (see below). 

L-forms of bacteria. — ^These are abnormal growth forms derived 
bv variation, usually in the laboratory, from bacteria of normal morph- 
ology, e,g. cocci, bacilli or vibrios. They differ from the parent bacteria 
in lacking a rigid cell wall and, in consequence, regular size and shape, 
but they are nevertheless viable and capable of growing and multiplying 
through an indefinite series of cultures on a suitable artificial nutrient 
medium. They are soft protoplasmic bodies, generally spherical or 
disc-like, but also extremely variable in shape, and they range in size 
from minute bodies about 0-1 ft in diameter to large ones of 10-20 ft. 
The smallest viable forms are about 0*3 ft in diameter and can occasion- 
ally pass through bacteria-stopping filters. Some L-forms may be 
entirely devoid of a cell wall, and others, like spheroplasts, possess an 
intact cell wall that is weakened by absence of a strengthening com- 
ponent (mucopeptide). 

Colonies of L-form organisms on agar media are small md have a 
characteristic Tried egg* appearance; they have a dark, thick <^ntre, 
where many of the organisms embed themselves and grow withm the 
agar, and a lighter peripheral zone with a lace-like tex^re consisting of 
organisms lying on the surface of the agar together with oily exetetory 
droplets (probably containing cholesterol). In liquid me&a, growth 
is usually in the form of clumps. Because of Xhtk fragili^, micro- 
scopical examination of L-forms is best ^ne while diey are mHtu osx 
the agar medium, a covcrslip being applied to a block of agar bearing 
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the growth. If desired, the organisms can be stained after fixation by a 
fixative that is allowed to diffuse through the agar. ^ 

Ormn —Some bacteria, e.g. Streptobanllus numltformts and Bac- 
teroides spp. give rise spontaneously to L-forms even when grown in 
an optimal culture medium. In many other species, L-form growth 
may be induced by culture in the presence of an inhibitor of cell wall 
synthesis, such as penicillin, or by deprivation of a nutrient essential 
for cell wall synthesis, e.g. diaminopimelic acid, or by destruction of 
the cell wall with antibody and complement. 

Maintenance. — Though L-forms of some species maiy be grown on 
ordinary culture media, even in liquid medium, generally a special 
medium must be used : e.g. a soft agar medium containing meat infusion 
and 20 per cent, horse serum. Agar apparently gives mechanical 
support to L-bodies embedding themselves and multiplying by lobula- 
tion within it. Some L-forms require a medium with a\large content 
of sucrose or sodium chloride for osmotic protection, as described for 
the maintenance of spheroplasts. 

Reversion to the bacterial form. — True, or stable L-forms, even if 
their origin was induced by exposure to penicillin or other cell-wall 
inhibitor, continue to reproduce as L-forms through repeated sub- 
cultures in the absence of cell-wall inhibitor, and do not give rise to 
revertants of normal bacterial morphology. Unstable L-forms, e.g. 
growths of penicillin-induced spheroplasts, generally revert en masse 
to the normal bacterial form within a few hours of culture in the 
absence of the inducing agent. Transitional L-fbrms give rise occasion- 
ally to small numbers of bacterial revertants. 

Role. — Although they have many resemblances to the pathogenic 
mycoplasma organisms, L-forms should probably be regarded as 
laboratory artefacts, degenerate growths that do not occur or survive 
to any important extent in natural habitats. They are non-pathogenic 
to laboratory animals. 
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CHAPTER 3 

THE GROWTH AND NUTRITION OF BACTERIA 

Bacteria, when inoculated into a suitable medium and incubated under 
appropriate conditions, grow at a very rapid rate. In this sense, the 
term ‘‘grow ’ refers to the fact that there is an increase in the number 
of cells present,^ in other words, there has been multiplication of cells 
rather than an increase in size of each bacterium. This is the result 
of the normal method of division of a “true** bacterium which is by 
binary fission. It is important to realise how rapid growth may be under 
favourable circumstances when a cell may double every 15-20 min. 
If this rate was maintained for 24 hr., the progeny of a single cell would 
be about 1 x 10^^ cells and would have a mass of approximately four 
thousand tons. The conditions used for culture never permit such a 
rate of multiplication for more than a short time, generally because of 
an insufficiency of food or nutrients. 

When a culture of an organism is inoculated into a fresh growth 
medium, the inoculum used will usually contain a comparatively small 
number of cells which may multiply by a factor of a million-fold or more 
during growth. If the number of cells present at different times after 
inoculation is measured, it is possible to draw a growth curve in which 
it is usual to plot the logarithm of the number of bacteria against time. 
Two types of growth curve can be drawn according to the nature of 
the measurement of cell numbers used. A total count will measure the 
number of cells present irrespective of whether they are living or not. 
On the other hand, a viable count measures only those cells capable of 
growing and hence of producing a colony on a suitable solid growth 
medium. Typical growth curves are shown in Fig. 5. Four main 
phases of gro>^ can be recognised. 

1. The Lag Phase. — In this period there is no appreciable multi- 
plication of cells although they may increase considerably in size and 
show marked metabolic activity. The length of this phase varies 
according to the condition and number of cells in the inoculum and it 
can be looked upon as representing the time taken for the organism to 
adapt itself to growth in the fresh medium. The ceils in an inoculum 
may be so depleted of enzymes, metabolic intermediates, and other 
factors, that some time is required for these materials to build up to 
their optimal levels. Alternatively, if the new medium is different in 
composition to that in which the inoculum was growing previously, 
entirely new enz}rme 3 may require to be synthesised by the process of 
induction or by the selection of mutants. 

2. The Log or Esqionefilial Phase. — In this period, the cells 
divide at a constant rate and, as a result of growth by binary fission, there 
is a linear relationship between the logarithm of the number of cdls 
and time. Cells in the log phase must have a very high rate of meta- 
bolism and, as a result of their adaptation to the maximum rate d[ 
synthesis and growA possible, d^y may be considerably more sens^ve 
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Continuous line = Total number of bacteria alive and dead. 

Interrupted line = Total number of tiring bacteria. 

to the effect of antimicrobial agents. The actual rate of growth will be 
determined by the generation time (the time between divisions) of the 
bacterium under the particular environmental conditions used. The 
nature of some of the environmental factors affecting the rate of growth 
will be considered later. 

3. The Stationary Phase. — After several hours, there is a decrease 
in the rate of growth until the number of cells eventually stays constant 
and the culture passes into the stationary phase. This cessation of 
growth is most commonly caused by the exhaustion of an essential 
nutrient in the medium, although another factor may be the accumula- 
tion of toxic waste products, e.g, acids produced by the fermentation 
of sugars. 

4. The Death or Decline Phase. — ^After a variable period of time 
in the stationary phase, the cells in a culture begin to die — ^that is they 
become incapable of growth when transferred to a fresh medium. This 
can be seen in Fig. 5 as an increasing divergence between the total 
count of living and dead cells and the viable count of living cells only. 
The causes of this death or loss of viability are various, the main 
determinant being the factor causing the cessation of growth in the 
stetionary phase. If this cause is the accumulation of toxic products, 
there may be a very small stationary phase followed by rapid death. In 
some cases, there may be a rapid fall in the total count as well as Ae 
viable count. The reason for this is that some microorganisms are very 
prone to digest themselves so that they eventually lyse liberating- their 
cytoplasmic contents into the environment; this process is known ss 
autolysis. Another common occurrence in this pha^ of growth is the 
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appearance of bizarre cell shapes together with a chaise of stainmg 
characteristics. For example, cells in the stationary phase and decline 
phase often change from gram-positive to gram-native. 

Growth of the type discussed above, in which an uioculum is placed 
in a culture vessel, is known as batch culture and is tl» usual method of 
growing bacteria in the laboratory. However, it is possible to use an 
“open” system in which there is a continuous supply of fresh nutrients 
into the culture vessel and a continuous removal of grown bacteria by 
means of a constant level device. This method of culture — called 
continuous culture — ^has been used recently for research and indust^ 
purposes and it may correspond more truly with the situation occurring 
in some diseases of man and animab. 

In order to identify and study a bacterial species, it is necessary to 
grow the organism under laboratory conditions and it is therefore 
essential to know its growth requirements. Two conditions must be 
fulfilled: (i) Suitable nutrients must be supplied: (ii) The ph3rsical 
conditions must be as near optimum as possible for the organism under 
consideration. 

Bacteria differ widely in the nutritional requirements and the 
physical conditions needed for growth, and it is therefore of great 
importance to understand these factors. 


BACTERIAL NUTRITION 

The growth of bacteria is dependent on an adequate supply of 
suitable food materials, the specific nutrient requirements varying in 
the different species according to their natural environmental a^pta- 
tions. Some species are able to grow under a wide range of conditions, 
but others, especially the more strictly parasitic {e.g. gonococcus) ^ 
very exacting and restricted in their requirements. Whilst it is hardly 
possible to reproduce exactly the natural environmental conditions <rf 
pathogenic bacteria, suitable artificial culture media have been devised 

for the great majority. . „ . l 

The chemical composition of all bacteria is essentially similar, the 

principal components being as follows: — 

1 . High molecular weight organic compounds, usually ^lymere, 
such as proteins, nucleic acids, pol3r8accharidc8 and lipids. These make 
up at least 80 per cent, of the dry weight of bacteria. 

2 . Low molecular weight organic comjwunds such as coenzymes, 
prosthetic groups and intermediary metabolites. These make up about 

10 per cent, of the dry weight of bacteria. , 

3 . Inorganic compounds such as water and mmeral sal^ 

The study of compexu^ biochemistry has shown how s^ 
living organisms arc in their component chemi^ umte as well as in e 
mechanisms by which these components w 
metabolism. This concept is gen^y t^rr^ to w Th* 
Biochemistiy”. Thus the nudeotide and ammo aad ownponMits of 
nucleic a dd* and proteins are the same m bactena as m mammalB or 

c 
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higher plants, and their synthetic pathways are usually very similar. 
It is evident that nutrients must be provided in the medium for the 
synthesis of the components outlined above, and that they must there- 
fore provide both the structural units required as well as energy for 
llf the formation and polymerisation of these structural units, for the 

maintenance of membrane equilibria, for motility and for other energy- 
requiring processes in the cell. In view of the similarity of the chemical 
components of all microorganisms, the different nutrient requirements 
that are found must reflect different synthetic abilities. The trans- 
formation of simple nutrients into the complex constitueiits of bacteria 
involves the formation in stages of various intermediate substances of 
increasing chemical complexity, each stage in the synthesis being cata- 
lysed by an appropriate enzyme. Any interference with anlintermediate 
metabolite or with its associated enzyme will inhibit growth by prevent- 
ing the metabolite from being used for further synthesis. \ 

It is by such interferences that many antiseptics, chemotherapeutic 
drugs and antibiotics bring about the inhibition of growth or killing of 
the organism. For example, the sulphonamide series of drugs act by 
preventing the conversion of the growth factor p-aminobenzoic acid 
into a coenzyme form related to folic acid which is required for essential 
synthetic reactions within the cell, and in the absence of this coenzyme 
the cell dies. It soon became evident that p-aminobenzoic acid and 
the sulphonamide nucleus have a very similar chemical structure and 
compete for the same site on the enzyme responsible for the further 
metabolism of p-aminobenzoic acid — a process known as competitive 
inhibition. It has been possible to produce many antimicrobial drugs 
by preparing chemical analogues of other essential growth factors 
although unfortunately few of these have had much practical value in 
the treatment of infections. However, it is probable that many anti- 
microbial drugs act in this way and much research is being done to 
identify the sites of this action. It is known that penicillin inhibits 
some stage in the synthesis of the mucopeptide of the bacterial cell 
wall, but so far the nature of this inhibition is unknown. 

If we consider the basic elements making up the chemical com- 
ponents of a living organism, it is evident that the main elements re- 
quired for growth are carbon, hydrogen, oxygen and nitrogen, with 
sulphur and phosphorus being requir^ in somewhat smaller amounts 
and other elements such as sodium, potassium, magnesium, iron and 
manganese in considerably smaller amounts. Since hydrogen and 
oxygen can be supplied in the water essential for any growth, it is 
evident that carbon and nitrogen are the main bulk elements required. 

The Carbon Source for Growth.— Some non-parasitic bacteria are 
able, like the plants, to utilise carbon dioxide as the main source of 
carbon and are called autotrophs (or lithotrophs). Energy is obtained 
in these organisms by the oxidation of inorganic compounds (chemo- 
synthetic autotrophs) or from sunlight (photosynthetic autotrophs). 
The majority of bacteria, however, including all the parasitic species, 
require organic nutrients such as carbohydrates, amino acids, peptides 
or lipids to serve as the sources of carbon and energy. These organisms 
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are called heterotrophs (or organotrophs), and they obtain their energy 
by the breakdown of the organic carbon source or sources. They differ 
widely in the range of organic compounds that can be used. Thus 
some bacteria are remarkably versatile as evidenced by the fact that 
some species of the genus Pseudomonas can utilise any one of over a 
hundred organic compounds (sugars, acids, alcohols^ etc.) as the sole 
source of carbon and energy. On the other hand, many bacteria are 
much more specific in their requirement. 

The Nitrogen Source of Growth. — Bacteria differ widely in the 
nature of their requirement for nitrogen, reflecting differences in their 
ability to synthesise the main nitrogenous structural units — amino acids 
and nucleotides. Thus some are able to grow on an ammonium salt as 
the sole source of nitrogen, while others require a variety of amino 
acids and nucleotides preformed in the medium. 

The Requirement for Growth Factors. — As mentioned previ- 
ously, essential metabolites such as coenzymes and prosthetic groups 
are required by all bacteria. They must be synthesised by the cell or 
be provided, at least in a simplified form, in the growth medium. If 
required as nutrients, these substances are called “growth factors” or 
“bacterial vitamins” and they are usually only needed in very small 
amounts, their function being catalytic rather than structural. They 
are diverse substances with regard to their chemical nature and in many 
cases they are identical with thq vitamins required for mammalian 
nutrition \e.g. thiamine, riboflavine, nicotinic acid, pyridoxine, p-amino- 
benzoic acid, folic acid, biotin, cobamide, etc.). 

Under appropriate conditions in synthetic media, the amount of bac- 
terial growth is linearly proportional to the concentration of a growth 
factor, essential amino acid or nucleotide whose supply is deficient in 
relation to other nutrients. This is the principle of microbiological 
assay, wherein the amount of a growth factor, amino acid, or nucleotide 
is measured according to the amount of the growth that it supports, e.g. 
assay of cobamide (vitamin Bjj) using Lactobacillus leickmami. The 
method has the advantage of specificity and high sensitivity. In the 
case of vit a mins it is possible to determine as little as 0*001 fig. per ml., 
and in some cases (e.g. biotin, cobamide) considerably less. 

Intxrganic Salts for Growth. — Bacteria require a supply of in- 
organic salts for growth, particularly phosphate and sulp^te among 
the anions and sodium, potassium, magnesium, iron, manganese and 
calcium among the cations. 

Nutritional Evolution 

It has been shown that bacteria differ widely in their requirements 
for amino acids, nucleotides and growth factors and therefore in their 
synthetic capacities. Some, especially among the non-parasitic 
species, have comprehensive synthetic abilities and are therefore noM- 
exactn^4iutritionaIly; they are able to synthesise all thdr structural 
units from the carbon and energy source and inorganic salts. For 
example, Eschericfua coU can grow on a “simple synthetic medium” 
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which contains only glucose (carbon and energy source), ammonium 
sulphate (nitrogen and sulphur source), phosp^te buffer, potassium 
chloride, magnesium chloride and traces of other inorganic salts; 
alternatively, an amino acid such as alanine might serve as the combined 
source of carbon, energy and nitrogen. Other bacteria, in the course 
of evolution towards a strictly parasitic mode of life, have increasingly 
obtained their amino acids, nucleotides and growth factors from ffie 
tissues of their host, and have lost the power of s)mthesising these 
compounds. Many species are thus nutritionally exacting (e.g. Strepto- 
coccus pyogenes) and can grow in a S 3 mthetic medium on^ if it contains 
a wide range of different amino acids, nucleotides and growth factors. 
This process of nutritional evolution to increasing dewndence upon 
nutrients in the environment can be paralleled in the laboratory by the 
selection of mutants. An enzyme catalysing a step in the synthesis of 
an amino acid, nucleotide or growth factor, may be lost u a result of 
gene mutation (p. 94) and the variant strain thus becomes nutrition- 
ally exacting in respect of the substance which the parent strain can 
synthesise for itself. 


THE PHrSICAL CONDITIONS REQUIRED FOR GROWTH 

As stated previously, bacterial gipwth can be extremely rapid. If a 
cell can double its size and divide within 30 minutes, it must therefore 
be capable of synthesising its own weight of cell material within this 
period. In order to do this, it must have a very rapid rate of metabolism 
together with a correspondingly rapid uptake of nutrients and disposal 
of waste products. It can only do this on account of its small size, which 
gives it a very large surface for absorption and excretion in relation to 
its volume. But the very rapid growth that can occur in the log phase 
is only possible under certain restricted environmental conditions: it 
is most important to understand these thoroughly. 

The Influence of Oxygen and Redox Potential 

The majority of bacteria are described as facultative anaerobes be- 
cause they are able to grow either aerobically, i.e. in the presence of air 
and free oxygen, or anaerobically, in its absence. Certain other species 
will grow only in the presence of air or free oxygen, and are described 
as strict or obligate aerobes. Still others will grow only in the absence 
of free oxygen and are usually killed in its presence; these are known 
strict anaerobes. In the latter case, the ultimate determining factor 
is the state of oxidation of the environment, this being best described 
in terms of the oxidation-reduction, or “redox” potential. A sufficiently 
low redox potential for the ^owth of strict anaerobes is usually provided 
by placing the culture medium in an atmosphere of hydrogen, with the 
■complete exclusion of free oxygen {e.g. in a McIntosh and Fildes 
anaerobic jar). It has been suggested that in the presence of oxygen a 
strict anaerobe is liable to produce toxic peroxides which it cannot 
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destroy owing to lack of catalase, an enzyme present in most aerobes 
and facultative anaerobes. Finally, there is a group of organisms which 
grow best in the presence of a trace only of free oxygen and often prefer 
an increased concentration of carbon ^oxide; these are called micro- 
aeropkilic. 

The natural environment of a bacterium is determined by its oxygen 
and redox potential requirements. Thus, a strict aerobe like the 
tubercle bacillus will grow best in a well-aerated environment such as 
the animal lung, and a strict anaerobe like Clostridium toelchii requires 
an anaerobic environment such as in the contents of the intestine or in 
dead tissue in a lacerated wound. 

As stated previously, heterotrophic bacteria obtain their energy 
by the breakdown of the carbon and energy source. The aerobic or 
anaerobic nature is related to the aerobic or anaerobic nature of this 
metabolism. Thus aerobes obtain most of their energy by a series of 
coupled oxido-reductions in which the ultimate electron-acceptor is 
atmospheric oxygen; in this aerobic respiration, the carbon and energy 
source may be completely oxidised to carbon dioxide and water. Energy 
is obtained by the production of energy-rich phosphate bonds and their 
transfer to adenosine diphosphate (ADP) to form adenosine triphosphate 
(ATP) during the passage of electrons through the electron-transport 
system. This process is known as oxidative phosphorylation. The 
electron-transport systems of microorganisms are often very similar to 
those occurring in higher organisms and involve pyridine nucleotide 
coenzymes, flavoproteins, cytochromes and cytochrome oxidase. 

Anaerobes, on the other hand, oxidise compounds at the expense 
of some electron acceptor other than oxygen. In some instances, an 
inorganic compotmd capable of reduction such as nitrate or sulphate 
acts as the electron acceptor; this process is known as anaerobic 
respiration and energy is again produced mainly during the passage 
of electrons from the substrate to the inorganic electron acceptor. 
However, anaerobic growth probably occurs more commonly by the 
carbon and energy source acting both as the electron donor and the 
electron acceptor in a aeries of oxido-reductions. This process is 
known as fermentation and it leads to the formation of a variety of 
v/aste products such as ethanol in yeasts and organic acids and alcohols 
in bacteria, e.g. lactic acid in the lactobacilli and streptococci, and a 
mixture of lactic, acetic, formic and succinic acids in the entero- 
bacteria. Carbon dioxide and, in some cases hydrogen, is commonly 
produced and therefore fermentation is usually accompanied by the 
production of both acid and gas. The nature of the fermentation pro- 
duct is also of significance in the classification of bacteria. During the 
process of fermentation, energy-rich phosphate bonds are product by 
the introduction of inorganic phosphate into intermedutes on the 
fermentation pathway, a process known as substrate-level phosphoryla- 
tion. The energy-rich phosphate groups so produced are traiKsfened 
on to ADP to form ATP under the influence of tiie appropriate otzyme. 
ft should be noted that the amount of energy produced from a given 
amount of carbon and eneigy source under ananobic conditmns is 
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considerably less than that produced under aerobic conditions and 
therefore growth of a facultative anaerobe is usually much more 
abundant aerobically. 

The Influence of Carbon Dioxide 

It is now recognised that all bacteria require the presence of a small 
amount of carbon dioxide for growth, an amount normally provided 
by the atmosphere or by oxidation and fermentation reactions within 
the cell itself. Some bacteria, however, require a much higher con- 
centration of carbon dioxide (5-10 per cent.), which must be provided 
in the environment of the culture medium (e.g. Brucella abokfus, when 
first isolated from the body). 

The Influence of Temperature 

(a) On Growth . — For each species there is a definite temperature 
range within which growth takes place. The limits are the “maximum” 
and “minimum” temperatures, and an intermediate “optimum” tem- 
perature can usually be recognised at which growth is most rapid. In 
the laboratory, bacteria are grown at this optimum temperature in 
a thermostatically controlled incubator. The optimum temperature 
of a bacterium is approximately that of its natural habitat, e.g. about 
37° C. in the case of organisms that are parasitic on man and warm- 
blooded animab. These, and many saprophytes of soil and water, 
which grow best at between 25° and 40° C., are termed tnesophilic. 
Some mesophiles have a wide growth temperature range {e.g. 5°-^3° C. 
for Pseudomonas pyocyanea), whilst others are more restricted {e.g. 
30°-39° C. for Neisseria gonorrhoeae). None of them grows appreciably 
at temperatures below 5° C., (as in a domestic refrigerator at 3°-5° C.), 
and few at more than 45° C. 

A group of soil and water bacteria, the psychrophiles, grow best at 
temperatures below 20° C., usually quite well at 0° C. and in some cases, 
slowly, down to about —7° C. on unfrozen media. Their importance 
lies in their ability to cause spoilage of refrigerated and frozen food, 
though none is pathogenic. .Mother group of non-parasitic bacteria, 
the thermophiles, grow best at high temperatures between 55° and 80° C., 
and have minimum growth temperatures ranging from 20° to 40° C. 
(facultative thermophiles), or even above 40° C. (strict thermophiles). 
These organisms are important as a cause of spoilage in under-processed 
canned foods, since many form spores of exceptionally high heat- 
resistance. 

{b) On Viability . — Heat is an important agent in the artificial 
destru^on of microorganisms, the effect depending under moist 
conditions on the coagulation and denaturation of cell proteins, and 
under dry conations, on oxidation and charring. Among the bacteria 
that are parasites of mammalian animals, non-sporing forms in the 
presence of water generally cannot withstand temperature above 45° C. 
for any length of time. The time of exposure to heat that is necessary 
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for killing is shorter the higher the temperature, and various other 
factors influence the exact amount of heating required. Thus, bacteria 
are more susceptible to “moist heat’^ e,g. in hot water or saturated 
steam, than to “dry heat”, e.g. in a hot-air oven. They are rendered 
more susceptible by the presence of acid, alkali or any chemical dis- 
infectant, and less suceptible by the presence of organic substances 
such as proteins, sugars and fats, and abo by their own occurrence in 
large numbers. The thermal death point of a particular organism may 
be defined as the lowest temperature that kills it under standard 
conditions, within a given time, e.g. ten minutes. Under moist condi- 
tions, it lies between 50® and 65® C. for most non-sporing mesophilic 
bacteria, and between 100® and 120® for the spores of most sporing 
species {e.g. about 105® C. for CL tetani and 115® C. for CL botulinum). 
The extreme limit of resistance to moist heat is shown by the spores of a 
non-pathogenic, strictly thermophilic bacillus, B. stear other mophUus^ 
whose killing requires exposure to 121® C. for 10-35 minutes. With 
dry heat, the 10-minute thermal death points of the different sporing 
bacteria are mostly between 140® and 180® C. 

At low temperatures some species die rapidly, but the majority 
survive well. Cultures of the latter may be preserved for long periods 
at between 3® and 5® C. in a domestic-type refrigerator, or in the frozen 
state as between —20° and —70® C. in a “deep freeze” cabinet. The 
process of freezing kills a proportion of the bacterial cells present, and this 
is least if freezing is effected rapidly {e.g. by use of solid carbon dioxide). 

The Influence of Moisture and of Desiccation 

Four-fifths by weight of the bacterial cell consists of water and, as 
in the case of other organisms, moisture is absolutely necessary for 
growth. Drying in air is injurious to many microbes, and the different 
species vary widely in their ability to survive when dried under natural 
conditions, as in infected exudate smeared on clothing or furniture, and 
converted to dust. Thus, the gonococcus. Treponema pallidum and the 
common cold virus appear to die almost at once, while the tubercle 
bacillus, Staph, aureus and the smallpox virus may survive for several 
months. Bacterial endospores survive drying especially well; for 
instance, those of Bacillus anthracisy when dried on threads, have 
survived for over sixty years. 

Even delicate, non-sporing organisms may survive drying for a 
period of years if they are desiccated rapidly and completely, preferably 
while frozen, and thereafter maintained in a high vacuum (O’Ol mm. 
Hg., or less) in a sealed glass ampoule which is stored at room tempera- 
ture in the dark. This is the basis of the lyopfUlisation or “freeze- 
drying” process of preserving bacterial cultures in the laboratory. 

ne Influence of Hydrogen-iim Concentration 

This is an essential factor in bacterial metabolism and growth. The 
majority of commensal and pathogenic bacteria grow best at a neutral 
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or very slightly alkaline reaction (pH 7'2 to 7'6). Some bacteria, 
however, flourish in the presence of a considerable degree of acidity 
and are termed addopMtic, e.g. Lactobacillus, Others are very sensitive 
to acid, but tolerant of alkali, e.g. Vibrio chokrae. Strong acid or alkali 
solutions, e.g. 5 per cent, hydrochloric acid or sodium hydroxide, are 
rapidly lethal to most bacteria, the mycobacteria {e.g. tubercle bacillus) 
being exceptional in resisting them. 

The Influence of Light and other Radiatii^ 

Darkness is a favourable condition for growth and viabUity. Ultra- 
violet rays are rapidly bactericidal, e.g. direct sunlight or ra]|iation from 
a mercury vapour lamp. Even dif^se daylight, as it enters a room 
through window glass, significantly shortens the survival! of micro- 
organisms and may be of hygienic importance. Bacteria are\^also killed 
by Cathode and Rongten rays, and by radium emanations. 

The Influence of Osmotic Pressure 

As a result of the presence of a semi-permeable cytoplasmic mem- 
brane, bacteria resemble other cells in being subject to osmotic pheno- 
mena. Relatively, however, they are very tolerant of changes in the 
osmotic pressure of their environment and can grow in media with 
widely var 3 fing contents of salt, sugar and other such solutes. This is 
partly a reflection of the thickness and mechanical strength of their cell 
walls. For most species the upper limit of sodium chloride concentra- 
tion permitting growth lies between 5 and 15 per cent., though hahphUic 
(or osmophilic) species occur which can grow at higher concentrations 
up to saturation. The latter are saprophytes whose importance lies in 
their ability to cause spoilage of food preserved with salt or sugar. 
Sudden exposure of bacteria to solutions of high concentration {e.g. 
2-25 per cent, sodium chloride) may cause plasmolysis, i.e. temporary 
shrinkage of the protoplast and its retraction from the cell wall due to 
me osmotic withdrawal of water; this occurs much more readily in 
Gram-negative than in Gram-positive bacteria. Sudden transfer from 
a concentrated to a weak solution, or to distilled water, may cause 
plasmoptysis, i.e. swelling and bursting of the cell through excessive 
osmotic imbibition of water. 


The Influence of Mechanical and Sonic Stresses 

AlAough their ceU walls have considerable strength and some 
elasticity. It 18 possible to rupture and kill bacteria by exposure to 
mechamcal strewes. A bacterial suspension may be largely disinteg- 
rated by subjection to very vigorous shaking with fine glass beads, or to 
supersonic or ukrasomc vibration (9,000-200,000, and over 200,000 

S? These measures are used in isolating 
the large molecular components of the cell. " 



CHAPTER 4 


CLASSmCATION AND mENTIFICATION OF 
BACTERIA 

MORPHOLOGICAL CLASSMCATION 

The main groups of bacteria are distinguished by microscopical 
observation of their morphology and staining reactions, initially in a 
Gram-stained preparation. They can be classified simply as follows: 

I. Lower Bacteria. — Simple, generally imiceliular structures, 
never in the form of a mycelium or sheathed filaments. 

1. Cocci — spherical or nearly spherical cells. 

2. Bacilli — relatively straight rod-shaped (cylindrical) cells. 

3. Vibrios — curved rod-shaped cells (“comma-shaped”). 

4. Spirilla — spirally twisted, non-flexuous rods. 

5. Spirochaetes — ^thin, spirally twisted, flexuous filaments. 

II. Higher Bacteria. — Filamentous organisms, some being 
sheathed and some growing with branching to form a mycelium. 
May have certain cells specialised for reproduction; e.g. 

Actinomycetes — simple branching filaments forming a mycelium; 
may form conidia; non-motile. 

Cocci 

The main groups of cocci are distinguished according to their pre- 
dominant mode of cell grouping and their reaction to the Gram stain. 
The following groups correspond with biological genera: 

(1) Diplococcus. — Cells mainly adherent in pairs and slightly elon- 
gated in axis of pair; Gram-positive (e.g. D. pneumoniae). 

(2) Streptococcus. — Cells mainly adherent in chains, due to success- 
ive cell divisions occurring in the same axis; Gram-positive (e.g. 
Strept. Pyogenes). 

(3) Staphylococcus. — Cells mainly adherent in irregular clusters, 
due to successive divisions occurring irregularly in different planes; 
Gram-positive (e.g. Staph, aureus). 

The genus Micrococcus, comprising only non-pathogenic species, 
is similar to Staphylococcus, though some of its species differ in size, in 
being motile or in being only we^y Gram-positive. 

(4) Gaffkya . — Cells mainly adherent in plates of four (tetrads), or 
multiples hereof, due to division occurring successively in two planes 
at right angles; Gram-positive (e.g. Ge^. tetr<^ena). 

(5) Sarcma . — Cells mainly adherent in cubical padkets of eight, or 
multiples thereof, due to division occurring successively in three planes 
at right aiigles; Gram-positive (c.g. Sarc. lutea). 

(6) Neisseria . — Cells mainly adherent in pairs and slightly elongated 
at right angles to axis of pair; Gram-negative (e.g. N. piem^iitidk). 
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(7) F«7/o«e//a.— Generally very small cocci arranged mainly in 
clusters and pairs; Gram-negative (e.g. Veill. parvula). 

The different cocci are relatively uniform in size, about 1 fi being 
the average diameter. Some species are capsulate and a very few are 
motile. It should be noted that a pure growth will usually show, in 
addition to the predominant cell groupmg {e.g. clusters or long chains), 
a number of single cocci, pairs and very short chains. 

Bacilli 

The primary subdivision of the rod-shaped bacteria is jpiade accord- 
ing to their staining reactions by the Gram and Ziehl-Neemen methods, 
and whether or not endospores are formed. Some of the\groups thus 
distinguished include several biological genera, and these c^n be recog- 
nised only by study of their physiological characters in artificial cultures. 

(1) The Acid-fast Bacilli. — In giving an acid-fast staining reaction 
by the Ziehl-Neelsen method, members of the genus Mycobacterium, 
including the tubercle bacillus, are distinguished from all other bacilli. 

(2) The Gram-positive Spore-forming Bacilli. — ^Apart from some 
rare saprophytic varieties, the only bacteria to form endospores are 
those of the genera Bacillus (aerobic) and Clostridium (anaerobic). 
They are primarily Gram-positive, but very liable to become Gram- 
negative in ageing cultures. The size, shape and position of the spore 
may assist recognition of the species; e.g. the tetanus bacillus is char- 
acterised by its bulging, spherical, terminal spore (“drum-stick” form). 

(3) The Gram-positive Non-sporing Bacilli. — These include several 
genera. Corynehacterium is distinguished by a tendency to slight 
curving and club-shaped or ovoid swelling of the bacilli, and their 
arrangement in parallel and angular clusters due to the snapping mode 
of cell division. Erysipelothrix and Lactobacillus are distinguished by 
a tendency to grow in chains and filaments, and Listeria by the occur- 
rence of motility and flagellation. 

(4) The Gram-negative Baa//*.— These include numerous genera 
belonging to the families Pseudomonadaceae, Achromabacteraceae, 
Eia^obocterioceae, Brucellaceae and Bacteroidaceae. Pseudomonas is 
distinguished by its polar flagellation, whereas motile members of the 
other families are peritrichously flagellate. 

Vibrios and Spirilla 

Vibrios are recessed as short, non-flexuous curved rods (e.g. 
V. cholerae) and spirilla as non-flexuous spiral filaments (e.g. Sp. 
minus). They are Gram-native and mostly motile, having polar 
flagella and showing very active, “darting” motility. 


Spirochaetes 

spirochaetes are slender, flexuous spiral filaments, and their 
staining reaction, when demonstrable, is Gram-negative. Th^ are 
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distinguished from the spirilla in being capable of active flexion of the 
cell body and in being motile without possession of fla gella. The 
different varieties are recognised by their size, shape, wave form and 
refractility, observed in the natural state in unstained wet films by 
dark-ground microscopy (See Fig. 6). The pathogenic species are 
classified in three genera: 

(1) Borrelia. — ^Larger and more refractile than the other pathogenic 
spirochaetes, and more readily stained by ordinary methods; coils 
large and open, with a wave-length of 2-3 /x; a leash of 8-12 fibrils, 
each about 0’02 fj, thick, is seen twisted round the whole length of the 
protoplast, by electron microscopy (e.g. Borr. recurrentis). 

(2) Treponema. — ^Thinner fila- 
ments in coils of shorter wave- 
length {e.g. l-0-l'5 typically 
presenting a regular “corkscrew” 
form; feebly refractile and difficult 
to stain except by silver impreg- 
nation methods; by electron micro- 
scopy, a leash of 3-4 fibrils is seen 
wound round the protoplast within 
the cell wall (e.g. Tr. pallidum). 

(3) Leptospira. — The coils are so 
fine and close (wave-length about 0*5 fi) that they are barely discernible 
by dark-ground microscopy, though clearly seen winding round a single 
axial filament by electron microscopy. One or both extremities of die 
spirochaete are “hooked” or recurved, so that it may take the shape of 
a walking-stick, an S or a C (e.g. L. kterohaemorrhagiae). 

Actinomycetes 

These mycelial bacteria, or Actinomycetales, include three main 
genera: 

(1) Actinomyces. — Gram-positive, non-acid-fast, tending to frag- 
ment into short coccal and bacillary forms, and not forming conidia; 
anaerobic (e.g. Actinomyces israeUt). 

(2) Nocardia. — Similar to Actinomyces, but aerobic and mostly 
acid-mt (e.g. Noc. farcinica) 

(3) Streptomyces. — ^Vegetative mycelium not fragmenting into short 
forms; conidia formed in chains from aerial hyphae (e.g. Strepton^ces 
griseus). 


SPIROCHAETES 

BORRELIA 


TREPONEMA VVAAAAAAA^ 


LEPTOSPIRA 


^VWWXAAAAAAl 

X 60000 

Fig. 6 


BIOLOGICAL CLASSmCATION 

Whilst observations of morphology and staining reactions are 
sufficient to distinguish the main groups of bacteria, the tnological 
classification of bacteria is based on a consideration of all kinds of 
observable characters, including physiologiod, immundit^^ical and 
ecological ones. 
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At present no standard classification is universally accepted and 
applied. The older systems based mainly on morphological characters 
are quite inadequate for detailed classification. Thus, the term B fi d lhis 
was used in the past as a generic name for all rod-shaped bacteria, e.g. 
Bacillus anthracis, B. tuberculosis and B. coU, but the bacillary organisms 
clearly require subdivision into many separate genera in view of their 
heterogeneity. A system of classification and nomenclature of the 
bacteria was introduced some years ago by the Society of American 
Bacteriologists following the accepted rules of biological classification, 
and has since been elaborated by American systennatists. A brief outline 
of this system is given, but only those orders, families am genera which 
are of special importance in medical and veterinary bactermogy are dealt 
with. Generic characters are not detailed, but these ard indicated by 
the characters of the various t5q)e-species quoted in later chapters. 
For full details, the seventh edition of Bergey’s Manual of ^etermimtive 
Bacteriology should be consulted. 

Much of this classification and many of the names given below have 
come into general use, though older designations are sometimes still 
applied in medical literature. Thus, in Sie new system the generic 
term Bacillus applies only to those rod-shaped bacteria that are spore- 
forming and aerobic, but its older use for a diversity of rod-shaped 
orgamsms is still current. It is, of course, quite correct to use the term 
“bacillus” as the common or vernacular name for any rod-shaped 
bacterium, and the common names such as “anthrax bacillus”,“tubercle 
bacillus ^ and “colon bacillus” in place of the international scientific 
names (viz. Bacillus anthracis, Mycobacterium tuberculosis and Escherichia 
coli). In this book the new names of the American system are in general 
given priority, but the older conventional designations are indicated 
and also certain biological names used commonly by British writers. 
Abbreviations of generic names, e.g. "Myco.”, etc., used through- 
out the text of the book are those adopted in the following summary. 


ORDERS OF BACTERIA (CLASS SCHIZOMYCETES) 

PSEUDOMONADALES. — Cells rigid, in form of straight, curved 
or spiral rods; rarely coccoid. Usually occur singly, though rarely in 

ne^tive *^^**"*' ”‘°**^®* possessing polar flagella. Gnim- 

spherical or straight rod- 
shaped m form. Occur smgly, or in pairs, clusters, chains or filaments. 

1 E“do»Pores formed 

acidSLt ^ (^a««accae). Gram-positive or Gram-negative. Not 

ous^S^tSdS^^l^’ rod-shaped or filamcnt- 
devdoo aerial *“*7 grow as a mycelium which may 

SSiiSLT " sporangiospores, and sir^ve 
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SPIROCHAETALES. — Cells flexuous, slender and spiral-shaped. 
Motile by flexion of the cell body. Do not possess flagella. Gram- 
negative. 

MTCOPLASMATALES (Pleuropneumonia-like organisms). — Cells 
soft, fragile and highly pleomorphic. Reproduce by fission of filaments 
and large bodies into coccoid elementary bodies that are filterable. 
Non-motile. Gram-negative. Grow on agar media and so difier from 
the filterable viruses. 


PSEUDOMONADALES 

FAMILIES 

Pseudomonadaceae. — Cells are straight rods, occasionally coccoid. 
May form a water-soluble pigment {e.g. green or brown) or a 
water-insoluble pigment {e.g. yellow or red). 

Spixillaceae. — Cells are rigid, curved or spiral rods. 

Further families in this order include most of the photosynthetic and 
autotrophic species of bacteria. 


Genera 

Pseudomonadaceae 

Pseudomonas. — e.g, Ps. aeruginosa {Ps. pyocyanea). 

Spirillaceae 

Vibrio. — e.g. V. comma {V. cholerae). 

Spirillum. — e.g. Sp. minus. 

EUBACTERIALES 

FAMILIES 

Achxomobacteraceae. — Cells rod-shaped and Gram-negative. 
Non-pigmented or forming yellow, orai^e or brown pigments. 
Grow well on ordinary peptone media. Few species can foment 
sugars to give acid ; glucose is usually attacked oxidatively if at all. 

Enterobacteriaceae. — Cells rod-shaped and Gram-negative. Grow 
well on ordinary peptone media. AkCtively ferment glucose, and 
in many case lactose and other sugars, producing acid, or acid 
and visible gas (COg and Hg). 

BruceUaceae. — Cells small, coccoid to rod-rfiaped, and Gram- 
negative. Obligate animal p^tes. Many fail to grow on 
ordinary peptone media, requiring addition of body fluids. Many 
lack power to ferment sugars. 

Bacteroidaceae.— CeUs rod-shaped or fflomentous, and Gram- 
negative. Most are strict anaerobes and many require ^irkflied 
culture media for growth. Parasites <rf mammals, espeddty of the 
alimentary canal. 
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Micrococcaceae. — Cells spherical and Gram-positive; occur singly 
and in pairs, tetrads, cubical packets and irregular clusters. Many 
form a non-water-soluble yellow, orange or red pigment. Mostly 
non-motile. {Sarcina ureae alone forms endospores.) 
Neisseriaceae. — Cells spherical to elliptical, and Gram-negative; 
occur mainly in pairs, with long axes parallel, or in clusters. 
Non-motile. Parasites of mammsJs. 

Lactobacillaceae. — Cells are cocci or rods occurring singly, in 
pairs and in chains. Gram-positive. Mostly non-motile. Facult- 
atively or strictly anaerobic. Actively ferment sugafs with lactic 
acid as main product. t 

Coiynebacteriaceae. — Cells rod-shaped or club-shaped; Gram- 
positive. Mostly non-motile. 1 

Baciilaceae. — Cells rod-shaped and usually Gram-positive. Form 
endospores. Many are motile. 

Genera 

Achromobacteraceae 

Alcaligenes. — e.g. Ale. faecalis. 

Enterobacteriaceae 

Escherichia. — e.g. Esch. coli. 

Aerobacter. — e.g. Aero, aerogenes. Aero, cloacae. 

Klebsiella. — e.g. Kl. pneumoniae. 

Paracolobactrum. — e.g. Par. colifortne. 

Serratia. — e.g. Serr. tnarcescens {B. prodigiosus). 

Proteus. — e.g. Pr. vulgaris. 

Salmonella. — e.g. S. typhosa {S. typhi) and S. enteritidis. 

Shigella. — e.g. Sh. dysenteriae. 

(Note. — In this book the above classification of the Enterobacteriaceae 
has been modified so that the genera conform more closely with the 
groups proposed by the Enterobacteriaceae subcommittee of the 
International Committee on Bacterial Nomenclature and Taxonomy. 
The genera Aerobacter and Paracolobactrum are omitted and the 
following genera included: 

Citrobacter. — e.g. Cit. freundii. 

Cloaca. — e.g. Cloaca cloacae. 

Hafnia. — e.g. Hafnia alvei. 

Thus, Aerobacter aerogenes is included in the genus Klebsiella as Kl. 
aerogenes and Aerobacter cloacae in the genus Cloaca. The Paracolo- 
bactrum organisms are regarded as lactose non-fermenting variants in 
the genera Escherichia, Citrobacter, Klebsiella, Cloaca and Hafnia.) 

Bnicellaceae 

Pasteurella. — e.g. P. pestis. 

BordeteUa. — e.g. Bord. pertussis. 

Brucella. — e.g. Br. melitensis. 
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Haemophilus. — e.g. H. influenzae. 

Actinohacillus. — e.g. Actimbacillus ligideresi. 

Moraxella. — e.g. Morax. lacunata. 

Bacteroidaceae 

Bacteroides. — e.g. Bacteroides fragitis. 

Fusobacterium. — e.g. F. fusiforme. 

Sphaerophorus (or Necrobacterium). — e.g. Sph. necrophorus. 
Streptobacillus. — e.g. Streptobacillus moniliformis. 

Micrococcaceae 

Micrococcus. — e.g. Micro, ureae. 

Staphylococcus. — e.g. Staph, aureus. 

Gaffkya. — e.g. Gaff, tetragena. 

Sarcina — e.g. Sarc. lutea. 

Neisseriaceae 

Neisseria . — e.g. N. meningitidis, N. gonorrhoeae. 

Veillonella. — e.g. Veill. parvula. 

Lactobacillaceae 

Diplococcus . — e.g. D. pneumoniae. 

Streptococcus . — e.g. Strept. pyogenes. 

Peptostreptococcus . — e.g. Peptostrept. putridus. 
Lactobacillus . — e.g. Lacto. acidophilus. 

Corynebacteriaceae 

Corynebacterium. — e.g. C. diphtheriae. 

Listeria. — e.g. List, numocytogenes. 

Erysipelothrix. — e.g. Ery. insidiosa. 

Bacillaceae 

Bacillus. — e.g. B. anthracis. 

Clostridium. — e.g. Cl. tetani. 


ACriNOMYCETALES 

FAMILIES 

Mycobacteriaceae. — Cells rod-shaped, but rarely filamentous or 
branching. Do not form conidia or other kinds of spores. 

Actinomycetaceae. — Cells filamentous and branching. Grow as a 
mycelium which may fragment into short rod or coccoid forms, 
and reproduce by budding or by spores formed through fragmenta- 
tion of the mycelium and in some cases from aerial hyphae. 

Streptomycetaceae. — Cells filamentous and branching. Grow as 
a myceUum which does not fragment. Conidia are borne on 
sporophores, in many cases aerial. 
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Genera 


Mycobacteriaceae 

Mycobacterium. — e.g. Myco. tuberculosis. 

Actinomycetaceae 

Actinomyces. — e.g. Actinomyces israelii. 

Nocardia. — e,g. Noc. madurae. 

Streptomycetaceae 

Streptomyces. — e.g. Streptomyces griseus. 

SPIROCHAETALES 

Genera of the Family Treponemataceae (th^ Small 
Spirochaetes) 

Borrelia. — Borr. recurrentis. 

Treponema. — e.g. TV. pallidum. 

Leptospira. — e.g. L. icterohaemorrhagiae. 

MYCOPLASMATALES 

Genera 

Mycoplasma. — e.g. M. mycoides. 

CLASS MICROTATOBIOTES 

This class contains the smallest of livii^ organisms, all obligate 
parasites and capable of growth only in the living tissues of an appro- 
priate host, usually intracellularly. It includes two orders: 

RICKETTSIALES. — Individual organisms are over 0-2 in dia- 
meter, resolvable by the light microscope and not filterable through 
bacteria-stopping filters, except for a few species with filterable phases. 
Gram-negative. Only a few species can grow on cell-free nutrient 
media. 

VIRALES. — Individual organisms are mostly less than 0*2 /x m 
diameter, ultramicroscopic and filterable. All are obligate intracellular 
parasites, and none grows on inanimate or cell-free nutrient media. 

There is not generally accepted classification of the viruses into 
genera and species (but see p. 83 et seq). 

RICKETTSIALES 

Genera 

RidMtsia. — e.g. R. protoazeksi. 

Coxiella. — e.g. Cox. burnetii. 

Ehrlichia. — e.g. Ehrl. ovitta. 
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Cotodna.—t.%. Comdria rundmntmm. 

Chlantydia. — e.g. Chi. trachomatis (the trachoma vims). 

Miyagawanella. — e.g. Miy. psittaci (the psittacosis “vims”). 

Bartonella. — e.g. Bart. bacilUformis. 

Haemobartonella. — e.g. Haemobartonella muris. 

Anaplasma. — e.g. An^. marginale. 

SYSTEM OF IDENTIFICATION OF BACTERIA 

1. The Motphology snd Staining Reactions of Individual 
Organisms generally serve as a preliminary criterion, particularly for 
placing an unknown species in its appropriate biological group. A 
Gram-stained smear is first examined and this suffices to show the 
Gram reaction, size, shape and grouping of the bacteria, whether they 
possess endospores, and the shape, size and intracellular position of 
such spores. An unstained wet film is examined with the dark-ground 
microscope for observation of the exact morphology of delicate 
spirochaetes, and an unstained wet film, or “hanging drop” preparation 
is examined with the ordinary microscope for observation of motility. 
When it is possible that the organism is a mycobacterium or a 
nocardia, a preparation is stained by the Ziehl-Neelsen method to 
demonstrate the acid-fast staining reaction. 

In medical bacteriology the microscopic characters of certain 
organisms in pathological specimens may be sufficient for diagnostic 
identification, e.g. tubercle bacilli in sputum, or Treponema pallidum 
in exudate from a chancre. Morphology among the bacteria usually 
fails, however, to differentiate allied organisms, e.g. the meningococcus, 
gonococcus and Neisseria catarrhalis, and further tests must be applied, 
as below. 

2. Cultural Characters, including the growth requirements and 
the appearance of cultures to the naked eye, are further criteria assisting 
identification, but may also be insufficient to differentiate species; 
e.g. different species of Salmonella produce indistinguishable colonies. 
;A culture is a growth of bacteria prepared in the laboratory on an 
artificial nutrient medium, or culture medium. Attempts are made to 
grow (to “cultivate” or “culture”) the bacterium on media of different 
compositions, e.g. a glucose-ammonia-inorganic salts mixture, or meat 
infusion or meat infusion plus blood, incubated under a variety of 
conditions, e.g. at different temperatures, at different pH values, in fhe 
presence of atmospheric oxygen (i.e. aerobically) or in its abseiu:e (i.e. 
anaerobically). The range of Ae conditions suppor^ ^wth is 
characteristic of particular oiganisms. The ability or ^biUty of the 
organism to grow on medium containing a selective inhibitor (e.g. bile 
salt, optochin, bacitracin, low pH, high pH, tellurite) may a^ be of 
diagnostic significance. 

The app^uances of growths in liquid culture media, e.g. nutneitt 
broth, are genendly not distinctive, usually there is a uniform 
in the lii^d and a tittle deposit at the bottom. Much nwte value 
attaches to observations of the appearance of the discrete nutsara of 
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EDGES OF BACTERIAL COLONIES 
Fig. 7 

growth, or colonies, that can be grown from isolated bacteria or 
the surface of solid culture medium such as nutrient agar. Attentior 
is paid to the size of the colonies (diameter in 
mm.), their outline (whether circular and entire, oi 
indented, or wavy, or rhizoid), their elevation (low 
convex, high convex, flat, plateau-like, umbonate, oi 
RAISED nodular), their translucency (clear and transparent, 

or translucent, or opaque), whether they are colour- 
less, white or otherwise pigmented, and whether 
they produce any change in the medium {e.g. hae- 
molysis in a blood-containing agar medium). 

DOME SHAPED 3. Biochemical Reactions, e.g, the ferment- 

ation of various carbohydrates. Species that can 
not be distinguished by morphology and cultural 
characters may exhibit distinct differences in their 
biochemical reactions, e.g. typhoid and paratyphoid 
CONVEX PAPILLATE bacUU. Different species or types may, however, 
SURFACE resemble one another in fermentative properties, 

Fig. 8 ^-i- certain serotypes of the Salmonella group. 

The elevation of The most commonly used biochemical tests in- 

bactmal colonies. volve the observation of whether or not a growth of 
the bacterium in liquid nutrient medium will ferment 
particular “sugars” {e.g. glucose, lactose, mannitol) with the production of 
acid, detected by change of colour of an indicator dye present in the med- 
ium, or of acid plus gas ; gas production is detected by the collection of a 
bubble in a small inverted tube (Durham tube) immersed in the medium- 
Other tests involve observation of the ability of a bacterium to produce 
particular end-products, e.g. indole, H 2 S, and nitrite, when grown in suit' 
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able culture media, and of whether it possesses certain enz 3 rnuc activities, 
e.g. oxidase, catalase, urease, gelatinase, collagenase, lecithuutse, or lipase. 

4. Antigenic Characters. — In bacteriology, species and types can 
often be identified by specific “antibody reactions” observed in sero- 
logical tests. These reactions depend on the fact that the serum of an 
animal immunised against a microorganism contains specific antibodies 
(for the homologous species or type) which react in a characteristic 
manner with the particular microorganism. Such antisera, for example, 
may agglutinate or clump the homologous organism in test-tube experi- 
ment, and this effect can be observed with the naked eye. An unknown 
bacterium may thus be identified by demonstrating its reaction with 
one out of a number of standard known antisera. 

It should be noted here that the serum of a person suffering from 
a bacterial infection may also exhibit specific antibody reactions. The 
nature of the infection may thus be diagnosed by demonstrating that 
the patient’s serum agglutinates one out of a number of known labora- 
tory cultures, e.g. the Widal reaction in enteric fever (see Chapter 18). 

5. Typing of Bacteria: Bacteriophage Sensitivity. — A single 
bacterial species with a particular set of pathogenic activities may 
nevertheless include strains belonging to a variety of different types 
that are distinguishable in minor characters. Recognition of the type 
of a strain isolated from a patient may be of value in epidemiological 
studies relating to the source and spread of the infection in the com- 
munity. In some pathogenic species, the “t 5 rping” of strains may be 
done by special biochemical or serological tests. Another important 
method of typing is by testing the susceptibility of the culture to lysis 
by each of a set of type-specific, lytic bacteriophages. 

6. Animal Pathogenicity. — In the case of pathogenic organisms, 
e.g. the tubercle bacillus, that are virulent to, and produce characteristic 
lesions in laboratory animals, the inoculation test provides a reliable 
method of identification. 

In many cases animal pathogenicity tests are controlled by the use 
of specific neutralising antisera and the pathogenic organisms are 
thereby identified with a high degree of specificity. Thus, the final 
identification of a diphtheria bacillus may be made by injecting culture 
material intradermally into two guinea-pigs, one of which has been 
protected by prior injection of specific antiserum to diphtheria toxin 
(a soluble poisonous protein secreted by the bacilli). The development 
of an inflammatory and necrotic skin reaction in the unprotected, but 
not in the protected animal identifies the culture as an organism pro- 
ducing diphtheria toxin. The tetanus bacillus is identified similarly 
by a test in mice that proves its production of the specific tetanus toxin. 
Strains of Clostridium toelchU may be “typed” by demonstration of the 
set of specific toxins they produce; in this case the culture fluid is 
mixed with specific antiserum before injection. 

7. Antibiotic sensitivity. — ^The organism is tested for its ability 
to groTV on artificial nutrient media containing different antibiotic and 
chemotherapeutic agents in different concentrations. In the disk diffu- 
sion test, the culture to be examined is inoculated confluently' over the 
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surface of an agar plate and 6-10 paper disks or tablets containing 
different antibiotics are placed on different areas of the plate. Anti- 
biotic diffuses outwards &om each disk into the surrounding agar and 
produces a diminishing gradient of concentration. On incubation the 
bacteria grow on areas of the plate except those around the drugs to 
which they are sensitive, and the width of each growth-free “zone of 
inhibition” is a measure of their degree of sensitivity to the drug. 

In a few cases, reactions are sufficiently uniform among the strains 
of a species, and distinctive from those of related species, to be valuable 
in the identification of the species {e.g. bacitracin sensitivity Strepto- 
coccus pyogenes, and optochin sensitivity in the pneumococcus). Com- 
monly, however, there are marked differences in antibiotic sensitivity 
between different strains of a species. Information about the ^nsitivity 
patterns of strains (“antibiograms”) isolated from patients is required as 
a ^ide to the choice of drug for therapy and may also be used as an 
epidemiological marker in tracing hospital cross-infections 


IDENTinCATION IN MATERIAL CONTAINING A MIXTURE 
OF BACTERIA: ISOLATION IN PURE CULTURE 


Most of the identifying tests in the categories described above are 
valid only if made with a pure preparation or pure culture of - a single 
kind of bacterium {i.e. a population of cells consisting exclusively of the 
progeny of a single ancestral cell). Specimens of material collected 
for diagnostic purposes from the bodies of patients include many {e.g. of 
faeces, sputum and throat secretion) that contain a wide variety of 
resident commensal bacteria as well as any pathogenic or potentially 
pathogenic species. Specimens of other materials, e.g. blood, pus, 
cerebrospinal fluid and urine, that are free from a resident commensal 
flora, are likely to be infected with only a single pathogenic species; 
but these specimens are liable sometimes to contain other bacteria as 
a result of secondary infection from the body surfaces or contamination 
in the course of collection. 


Useful information may be obtained from certain examinations 
made on mixed infective material. Thus, microscopical examination 
reveals the morphology and staining reactions of the different organisms 
and MW allows an assessment to be made of the relative numbers of 
each kind present (such an assessment is more reliable than one made 
from examination of a culture of the material because the conditions 
of cultoe may selectively favour the growth of some species and inhibit 
that of offiera). When material containing a mixture of bacteria is 
cultured by platmg”, i.e. by inoculating it very thinly on the surface 
♦k (Petn dish) of solid culture medium such as nutrient agar, 

the different bacteria are seen to grow as separate colonies, each of which 
IS usually a pure culture descended from a single inoculated cell. Useful 
information relating to the identity of the different bacteria and their 

specimen may be obtained by noting the 
ppearances of the colonies. When a selective culture medium is used 
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the occurrence of growth is suggestive of the identity of the bacteria 
growing, but it must be remembered that other kinds of bacteria in- 
capable of growth on this medium may also be present in the specimen. 
Anaerobic bacteria will not grow or be recognised in cultures incubated 
aerobically, in the ordinary way. 

Most other identifying tests can be performed only after the un- 
known bacterium has been isolated in pure culture. Isolation is 
generally done by Koch’s procedure, following the preparation of plate 
cultures bearing well separated colonies (see Chapter 48). A single 
colony, suspected from its appearance of being that of a significant 
or pathogenic organism, is “picked” with an inoculating wire-loop and 
subcultured by itself in a tube or plate of fresh, sterile culture me^um, 
(It is a useful practice in certain circumstances to examine micro- 
scopically a stained smear of the residue of the colony that has been 
“picked”.) If there is any doubt about the purity of a supposedly pure 
culture, it should be plated out again on fresh medium, &e colonies in 
the subculture should be examined to confirm their uniform appearance 
and one of these colonies should be picked and subcultured to give, 
through a second purification, a final ‘pure culture’. 

The morphological and cultural characters of the organism should, 
where necessary, be confirmed in examinations of the pure culture and 
the pure culture is then used in tests for examination of its biochemical 
reactions, antigenic characters, bacteriophage type, pathogenicity for 
laboratory animals, and antibiotic sensitivity reactions. 

In some types of investigative work it is desirable to store pure 
cultures of strains for later reference. This is best done by the 
freeze-drying procedure; the organisms are held dried and in 
vacuo in a sealed ampoule and remain alive, though not metabolising 
or growing, for very long periods. Otherwise, the organism should be 
subcultured on a suitable maintenance medium and stored under condi- 
tions, e.g. in the dark at room temperature or in a refrigerator at 4° C.» 
conducive to their maximal survival. 

In addition to preliminary microscopical and cultural examinations, 
there are some special identifying tests that may be made directly on 
pathological specimens containing mixtures of bacteria. Use of the 
fluorescent antibody staining method makes it possible on micro- 
scopical examination to recognise and identify individual bacteria, 
according to their antigenic character, thus with a high specificity com- 
parable to that of conventional serological tests. Material ccmtaining 
commensal bacteria as well as a suspected pathogen, may be injected 
into a laboratory animal where only the patiu^en may be capable of 
producing a fatal infection. Antibiotic sensitivity tests by the disk 
di^sion method are sometimes usefully performed on the primaiy 
diagnostic culture plate that grows the whole mixture of oi^;anisms 
present in the specimen; if this primary sensitivity test is made, results 
are sooner aviulable for rcportii^ to qlmicians. 
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CHAPTER 5 


VIRUSES 

GENERAL CONSIDERATIONS 

Among the common contagious illnesses of man and animals there are 
many for which no bacterial cause has been found. These diseases have 
been known clinically throughout the centuries; smallpox has been 
recognised as a deadly infection since pre-Christian times and Hippo- 
crates was perfectly familiar with the swollen neck in mumpA. At the 
beginning of the present century it was realised that an agem present 
in the tissues or blood of such cases could transmit the infectibn in the 
absence of bacteria. Pasteur in 1884, when he failed to detect^acteria 
in infective material from rabid dogs, said that he was tempted to 
believe that the cause of the disease was “a micro-organism infinitesimally 
smaU”. 

In 1892 Pasteur’s theory was confirmed, though in a different 
disease, by Iwanowsky, who showed that the mosaic disease of tobacco 
plants was caused by a minute agent which was so small that it was 
ultramicroscopic and would pass through the pores of a filter that would 
not permit the passage of any known bacterium. In 1898 the vesicle 
fluid from cases of foot and mouth disease in cattle was shown by 
Loeffler and Frosch to contain an infectious agent that was similarly 
filterable. In 1901 it was proved that yellow fever in man was caused 
by a filterable virus carried by mosquitoes. From these discoveries it 
soon became apparent that there were a number of virus agents which 
could pass through bacteria-stopping filters and still retain ffieir powers 
to cause disease in animals and human volunteers. Viruses were there- 
fore originally recognised as ultramicroscopic and filter passing. 

During the years that followed, many similar minute filter-passing 
organisms were found to be widely distributed throughout the animal 
and plant kingdoms, causing mild as well as severe diseases and 
often being carried latently in their hosts without giving rise to any 
obvious signs of harm. In man it was shown that viruses cause not 
only such serious illnesses as smallpox, poliomyelitis, encephalitis, 
infectious hepatitis and pneumonia but that they are also responsible 
for many familiar minor infections including the common cold, in- 
fluenza, mumps, measles and chickenpox, and a whole host of other 
conditions. Amongst the many important virus diseases of animals 
Me foot and mouth disease and rinderpest in cattle, distemper and rabies 
in dogs, and fowl pest in poultry. 

Not only do viruses clearly cause many infectious illnesses, but it 
hM been realised gradually that they also play a part, perhaps with the 
.aid of other fetors, in tihe production of certain tj^es of tumours. 
Rous in 1911 discovered that certain sarcomata in fowls could be trans- 
mitted with cell free filtrates of the tumours and since (ui 

impressive list of tumours has been compiled in wUch tdruses tin* 
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doubtedly play a causative role. These viruses are known as oncogefUc 
viruses and they include the agents that cause warts in man, fibromas, 
papillomas and related tumours in rabbits and domestic and wild 
animals, mammary carcinomata, leukaemias, and parotid tumours 
(polyoma virus) in mice, and leucosis in poultry (Andrewes, 1964a). 

Many insects suffer from virus diseases, e.g. epizootics of jaundice 
in silk worms and sac brood in bees have been the cause of much 
economic loss. Insects are however perhaps more notorious as the 
vectors of viruses that attack man, animals and plants. Some viruses 
can multiply within their bodies withoutharmingthemandoften the virus 
is carried tlu-ough the whole of the life cycle of the insect. Thus lice, 
ticks, flies andmosquitoestransmitviruses within human and animal com- 
munities and can carry infection from plant to plant. Again, nematode 
worms that are parasitic in pigs spread the swine influenza virus, and 
other nematodes that infest plants play an important part in the trans- 
mission of infection to vines and cereals. (At least one virus that 
affects the roots of tomato plants, also attacks and kills the larvae of its 
vector the Southern Root Knot Nematode.) 

When plants are affected by viruses, one of the characteristic effects 
is a mottling or “mosaic” of the leaves that may be followed by wither- 
ing and death of the plant. There are more than three hundred viruses 
recognised as pathogenic for plants and many, for example the tobacco 
mosaic virus, die tomato bushy stunt virus and the virus of “X” disease 
of potatoes, are of great economic importance. One plant virus, the 
tulip mosaic virus, however, is virtually harmless and is responsible 
for the beautiful coloured mottlings and pencillings on the petals of 
tulip flowers. It has been known for many years and the Dutch and 
Turkish artists of the sixteenth and seventeenth centuries took great 
pleasure in depicting these variegated tulips. 

That bacteria too are subject to infection by viruses was realised 
when Twort in 1915 and d’Herelle in 1917 independently observed the 
phenomenon of the transmissible lysis of bacteria. This was demon- 
strated in the following way: a few drops of liquid faeces from a case of 
bacterial dysentery were added to a tube of broth which was incubated 
overnight; filtration of this culture through a porcelain candle yielded 
a bacteria-free filtrate which, when added in very small quantities to 
a young culture of ShigeUa shigae, produced clearing and lysis of the 
bacteria after incubation for several hours. d’Herelle was able to show 
that this lysed culture possessed a similar lytic property towards a fr<^ 
culture and he was able to carry the effect throu^ more than fifty 
successive transfers; he thought the effect was causi^ by “an invisible 
microbe that is antagonistic to the dysentery bacillus” and suggested 
that this was a minute parasite of bacteria propagating and multiplying 
at the expense of the bacterial cells. He c^ed ^e nuctobe “bacterio- 
phage”, a name now frequently abbreviated to pAqge, an4 his view 
that it was a virus has been confirmed beyond all doubt. Bactedophages 
can also be recognised bx their m producd a clearing cff an area 

when s po t^ on to a (mii^ueat grir^ of the host bacteriuih «m' ah' 
agar ^ear areals known as a it is dftoti pibiiiicecf 
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by a single phage particle and is therefore analogous to a bacterial 
cobny. Bacteriophages have the great advantage that they can be easily 
propagated and counted and moreover their hosts, the bacterial eells, 
lend themselves readily to study at biocheifiteal and genetic levels. It 
is for these reasons that our knowledge of the mechanisms of phage 
infection and reproduction is far more advahcetf than our knovwedge 
of the corresponding mechanisms in animal 'sdfuses. TTiere is therefore 
a tendency to regard phages as model viruses and to adapt the methods 
used successfully in their study to the'nibre complex relationships 
between the animal virus. and its host cell (Hayes, 1963). ] - • 

The new biological science of Virology comprises the smidy of both 
the infecting microorganism and its host. The four main divisions 
of the subject comprise (1) the viruses of man and animto, (2) the 
bacteriophages, (3) the viruses of insects and worms, ^d (4) the 
viruses of plants. In these pages where attention is focu^d on the 
medical and veterinary infections we shall deal only with the first two 
of these divisions of virology. 


Approximate Sizes of Viruses and Reference Objects 


•Stephylococcus .... 
•Rickettsia prowazeki 
•Psittacosis — ^lymphogranuloma group 
Pox viruses .... 


Diameter or 
width X length in m/A 

1000 

475 

330-490 

300-250 


Mumps and Newcastle viruses 
•Pleuropneumonia organisms 
Rabies virus . 

Measles virus 
Herpes simplex viruses 
Influenza groups of viruses 
Adenovirus groups 
T2 bacteriophage of E, coli 
Rous sarcoma virus 
Lymphocytic choriomeningitis virus 
Tobacco mosaic virus 
Rabbit papilloma virus 
Arthropod borne viruses 
Poliovirus and enteroviruses 
^ot and mouth disease virus 
•Haemoglobin molecule . 

•Albumin molecule 


Microorganigms above the line are visible with the optical microscope 

• For reference. 


80-340 

150 

150 

140 

120 

100 

100 

95x65 

65 

50 

300x15 

45 

40 

28 

10 

15x3 

10x25 


fundamental characters of viruses 

in size and COT^auentfv bacteria in that: they are small 

no some agents that destroy bacteria; and they have «pro- 
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ductive processes that are quite different from the simple binary fission 
of bacteria. A virus particle contains only one kind of nucleic acid and 
is covered by a protein coat. 

Small Size and Filterability 

The unit used for the measurement of virus size is the millimicron 
{mix), i.e. a one-thousandth part of a micron (/*) or O-OOOOOl mm. The 
Angstrdm unit (A), which is one-tenth of mUlimicron (0*0000001 mm.), 
is often used as a measure for very small structures such as virus 
capsomeres, and macromolecules. In the preceding list the sizes 
of various representative viruses are given together with those of 
reference objects. 

Individual virus particles are known as virions (the old term, which 
is still used, was elementary bodies). They may vary in diameter from 
300 to 10 mix’, the largest are about half the size of the smallest bac- 
terium and the smallest are about the size of large protein molecules. 
Virions over 200 m/x in diameter are within the resolving power of the 
light microscope and can be demonstrated in stained fiLms or sections 
taken from the lesions of virus diseases such as smallpox. 

Measurement . — ^The most frequently used method for estimating 
virus size is by direct observation under the electron microscope. 
Viruses that are far beyond the limits of the resolution of the light 
microscope can be seen and photographed in this instrument, which is 
capable of resolving objects as small as 3A (0*3 m/x) in diameter (see 
Copter 44). Theusualmethodof making the measurements is to include 
in a suspension of purified virus some latex particles of known size 
{e.g. 250 m/x); in electron micrographs the known and the unknown 
particles can be measured with accuracy and the size of the virus is 
determined with precision. One advantage of electron-microscopical 
examination of viruses is that the shape as well as the size can be 
determined. In this way it has been found that the vaccinia virus 
particles are brick-shaped, that influenza viruses have a filamentous as 
well as a spherical form, and that most bacteriophages have a sperm-like 
morphology, with a polyhedral hrad and a tail. The Crystalline nature 
of plant viruses and the crystal-like lattice arrangement of the com- 
ponent subunits of some human viruses such as those of the adoiovirus 
group are clearly seen in electron micrographs. In ultra-thin sections 
of infected cells it is poraible under the electron microscope to follow 
the morpholc^cal changes in situ in the host cell as the virus multiplies. 

Originally viruses were measured by their capacity to pass throu^ 
filters. Many types of filter have been tised for this purpose, but the 
best are made from collodion and these have replaced the older 
diatomaceous earth filters of Berkefeldt and the Chamberland poredain 
candles. Filtration methods, however, have no high degree of piecaion 
in virus measurement and have for die most part been replaced by 
newer tefihntqtifis. Nevertlwless, filtration does have a special use 
in measuring a very small virus when it is contained in a material 
<^nntanunated widi so much host cell protein that other methods caiinot 
be used. 
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A third method by which virus size can be determined is by estim- 
ating the rate at which the particles fall in a suspending fluid; large 
particles being heavier fall faster than small ones. This relationship 
between particle size and rate of sedimentation follows Stokes’ law and 
holds good even when forces many times greater than that of gravity 
are applied to a virus preparation in a fast-moving centrifuge. From 
values for the density and viscosity of the medium, the distance from 
the axis of rotation and the speed in r.p.m., the diameter of the virus 
particle can be calculated (Chapter 51). 

The Structure of Viruses I 

Intrinsically a virus particle is composed of an inner com of either 
DNA or RNA (but not both) surrounded by a shell of protein which is 
referred to as a capsid. All the plant viruses contain RNA ai^ the vast 
majority of bacteriophages so far described contain DNA, bipt in the 
case of the animal viruses about one-half contain RNA and have been 
called riboviruses while the other half contain DNA and have been named 
deoxyvirmes (Cooper, 1961). The influenza, enteric and arthropod- 
borne groups are riboviruses and the pox, herpes, and adenoviruses are 
deoxyviruses. 

The protein shell appears to act as a protective covering for the 
underl 5 ring nucleic acid. When it is removed, as for example by cold 
phenol extraction, the exposed nucleic acid remains infective for a 
time and can by itself initiate virus growth if it is introduced into a 
susceptible host cell. Although naked viral nucleic acid is only stable 
for short periods of time and is considerably less infective than the 
complete virion, it contains the genetic material that is responsible for 
the transmission of heritable characters and the production of new 
virus. The proportion of nucleic acid to protein in the virus particle 
varies greatly with different viruses ; the DNA content of the T2 phage 
is about 40 per cent, of its dried weight and that of the vaccinia virus 
about 6 per cent. The RNA content of the polioviruses is 20-30 
per cent, and that of the influenza virus only about 1 per cent. 

The chemical composition of the larger animal viruses is rather more 
complex. The influenza viruses, for example, in addition to their 
proteins and RNA contain 4-6 per cent, polysaccharide with galactose, 
ma^ose and fucose as monomer components, 11 per cent, phospho- 
lipids, which include cephalin, sphingomyelin and lecithin, and 6 per 
cent, cholesterol. It is probable at the end of the growth cycle that the 
components of these viruses are assembled at the periphery of the host 
cell from whose wall the virion obtains the lipid constituents for its 
own covering membrane. These lipid-containing surface structures 
often make the virions readily disintegrated by organic solvents such 
as ether and for this reason they have been referred to as “Upo-viruses" 
(Cooper, 1961). Ether-sensitive viruses include the influenza, herpes 
and arthropod borne ^oups whilst the enteric, adeno, papilknn* 
pdyoma viruses, which have no peripheral lipid comi^ents, itfC 
euwr-resistant. Aa might be expected, the ether seimtivily of viruses 
seems to go hand in hand with sensitivity to bile salts and other suilBce 
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active agents. These two properties are so sharply defined that they 
are valuable in the differentiation and classification of the various 
animal virus groups. 

The pox group of viruses are even more complex and one member, 
the vaccinia virus, contains 6 per cent, lipids in addition to its protein 
and DNA, as well as certain enzymes such as phosphatase, catalase and 
lipase which are present as part of the virion together with coenzymes 
such as biotin, ribofiavine and adenine-flavine dinucleotide. Vaccinia 
virus particles have, however, no normal metabolic activity when freed 
from their host cells. A number of pox viruses including the vaccinia 
virus are very resistant to ether whilst some are sensitive and others 
react in an intermediate way; the different behaviour of members of 
the group may depend on whether the lipid constituents are situated 
on the surface or lie deep in the virion protected by a resistant outer 
membrane. 

The protein shell (capsid) of the virus particle (virion) is built of a 
number of subunits or capsomeres which are, according to the virus 
species, spherical, wedge-shaped, or in the form of hollow prisms 
(Fig. 9). The nucleic acid of the core is in the form of one or more 
helical strands. The disposition of capsomeres in the shell confers a 
variety of patterns so that a virus may have cubic, helical, or a combined 
and complex symmetry (Wildy & Horne, 1963). In the case of some 
of the larger viruses this assembly is surrounded by one or more mem- 
branes though no such covering is found in the smallest viruses. 

Viruses with cubic symmetry have a hexagonal outline due to the 
fact that their capsomeres are arranged in a geometrical configuration 
that is a regular solid with 20 equilateral triangular faces, t.e. an icoso- 
hedron. This figure is described as having 5.3.2 rotational symmetry 
and imposes a definite number of capsomeres on each side of its tri- 
angular faces (Caspar & Klug, 1962). The total number of capsomeres 
of a virion may be calculated from the formula 10(«- 1)*+2 where n 
is the number of capsomeres between and inclu^g those on any 
five-fold rotational axis. From this it has been found that the number 
of capsomeres of various groups of viruses falls into the series 12, 32, 
42, 92, 162 or 252. Viruses known to have icosahedral symmetry have 
the following number of capsomeres; ^xl74 bacteriophage 12, polio- 
virus 32, warts and polyoma viruses 42, REO virus 92, herpes group 
of viruses 162, the group of adenoviruses 252. 

Of the viruses having a helical symmetry, that of tobacco mosaic 
disease has been most fully investigated. virus is in the form of 
a hollow rigid rod 300 x 17 m/u. and is composed of a helical core of 
RNA to which about 2000 wedge-shaped capsomeres are attadhed so 
that there are 16J on each turn of the spiral. Helical synunetry is also 
found in some of Ae animal viruses, notably in the influenaa and 
groups. In Aese Ae capsid is composed of one or more 
helical ftrands of RNA covered by many capsomeres. The Ion® thread 
of Ae capsid is hollow, but unlike that of Ae tobacco mosaic virus is 
flexike and it is wound upon itself to give a spherical mass which 
I has a whoried appearance under Ae dkctnm microsodpe. This 
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capsid is enclosed by a membrane through which protrude a large 
number of regularly arranged projections in which reside the enzyme 
that confers the characteristic haemagglutination property of these 
viruses. 



OlACfUM OF THE STRUCTURE OF 
A VIRUS PARTICLE 

Fig. 9 

Modified from a diagram by R. W. Home (1963). 

Scientific American, 208.50 

A yet more complex symmetry is that of some of the larger viruses, 
notably those of the pox group. The particle of the vaccinia virus is 
surrounded by one or more membranes that envelop a peripheral 
protein layer within which is situated a dumbell-like structure into the 
hollows of which fit dense central bodies. Negatively stained particles 
are seen to contain hollow tubular structures 7-9 m/j, in diameter but 
it is in doubt whether they are truly multiple or merely parts of a single 
thread. In the case of Ae contagious pustular dermatitis (orf) virus 
the thread seems to be arranged in a figure-of-eight pattern and may 
be continuous, but in some pox viruses the app^rance is that of 
multiple angular strands. It cannot yet be said whether these strands 
are capsids or capsomeres. 

The structure of bacteriophages, notably the so-called “T-even” 
phages of E. colt is more complex and sophisticated than that of any 
virus so far considered (Home & Wildy, 1%2; Champe, 1963). 
bi^ic design is sperm shaped with a polyhednd hdid and a cylindricsl 
tail. Although phages from different sources may vary moiphoiogtcally> 
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particukrly in the length and thickness of the tail, by far the majority 
(with the exception of the ^xl74 of E. coK and Shigella) have these two 

basic components. , . . t r 

The head of the T2 phage of E. colt, for example, is m the form of 
a bipyramidal hexagonal prism 100 x 65 m/x- and consists of an outer 
shell of about 1000 subunits of a protein with a mol^ular weight of 
80,000 and an inner central mass of DNA. The tail is about 100 m^ 



To show the morphology of a T-even phage particle, A before, and 
B after, attachment and contraction of the sheath of the tail, (Modified 
from a diagram by Champe 1963.) 


long and 25 m(i wide and is composed of a contractile sheath surround- 
ing a central hollow core. The sheath is constructed from some 
140-200 subunits of a second protein with a molecular weight of 
54,000; the subunits are arranged helically around the cylindrical 
protein core which is about 7 m/ji thick with a central canal 2-5 m/t in 
diameter. At the distal extremity of the tail is a hexs^onal plate to 
which six fibres are attached. These tail fibres are 130 nifi long and 
2 aifi wide and are composed of subunits of a protein that has a mol- 
ecular weight of not less than 100,000. In the intact phage the tail fibres 
are folded around the tip of the tail, but when the initial contact with 
the bacterium is made they are freed to combine with specific receptor 
areas on the bacterial surface (see Figs. 11a and 13). This stage is fol- 
lowed by the contraction of the sheath of the tail to less than half of its 
original length and the extrusion of the central core through the bac- 
terial wall to enable the transference of the DNA to the host cell (see 
Figs. 11b and 13). 
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Reaction to Physical and Chemical Agents 

Outside the body, and at room temperature, many viruses are 
extremely labile and may survive for only a few hours. Such is the case 
with the viruses of influenza, mumps and measles, and in these diseases 
great care must be taken to ensure that the specimens under investiga- 
tion are frozen with a minimum delay. Other viruses, such as the 
smallpox and poliomyelitis viruses, are much hardier and may survive 
under ordinary atmospheric conditions for many days, weeks or even 
months. 

Heat.— The viruses causing disease in man and animals are in 
general readily inactivated by moderate heat (56®-60° C. for 30 
min.) though there are some notable exceptions — homologous serum 
jaundice and poliomyelitis viruses. Like bacteria, viruses are resistant 
to extremes of cold, and, in fact, freezing at -35'" C. or -70° C. is a 
satisfactory method for their preservation and is much used in the 
laboratory. The majority of viruses are also well preserved by drying 
from the frozen state, using the method of freeze-drying. By this 
means, virus vaccines are preserved in an active form for long periods 
before use to immunise against such diseases as smallpox and yellow 
fever. 

pH Variation. — ^Viruses remain viable as a rule within the range of 
pH 5 to 9, but are destroyed by extreme acidity or alkalinity. Certain 
of their properties, however, like haemagglutination {vide infra) may be 
profoundly disturbed by variations of a few tenths of a pH unit. 

Glycerol. — In a SO per cent, solution of glycerol, ordinary non- 
sporing bacteria are killed comparatively quickly, but many viruses 
remain alive in this fluid for several months or even years. The pre- 
servation of the vaccinia virus used prophylactically against smallpox 
is accomplished by means of glycerol. Other viruses that can be kept 
for long periods in glycerol at 4° C., or lower temperatures, are those of 
poliomyelitis, rabies and herpes simplex. On the other hand, some 
viruses, e.g. the rinderpest virus and the psittacosis group of agents 
survive for less time in glycerol than certain bacteria. 

Bactericidal Agents.— The most efficient disinfectants for use 
against viruses are oxidising agents such as hydrogen peroxide, pot- 
assium permanganate and hypochlorites, and organic iodine derivatives. 
Formaldehyde may also be used but is slower in its action. Phenol 
and certain cresol disinfectants such as lysol are active against only a 
few viruses and are not to be recommended for material contaminated 
by the poliomyelitis or smallpox viruseSv^ 

Antibiotics and Chmotherapeutic Substances such as sulphona- 
mides, penicillin, streptomycin and the tetracyclines have no effect on 
true viruses. The fact that the agents of the psittacosis-lymphu- 
granuloma group are susceptible to these drugs has been an impoitanjt 
consideration in their being classified as rickettsiae instead of as virus^. 
Originally, viruses were “purified”, ue separated from bacteiia in 
Contaminated fluids such as sputum or faeces, by filtration thfoi^ i 
bacteria-stopping filter, but now it has been found easier to use 
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biotics; these (e.g. penicillin and streptomycin) are added to the 
material to kill the bacteria and they leave the viruses unharmed. 

There are, however, a number of substances that are able to 
inhibit virus reproduction. A recent trial has shown that N-methylisatin 
(S-thiosemicarbazone has a valuable prophylactic effect in protecting 
house contacts of cases of smallpox. The use of 5-iodo-2 deoxy- 
uridine, which inhibits the synthesis of viral DNA, has recently been 
used therapeutically in human infections with the herpes simplex and 
vaccinia virus, but its clinical effects seem to be rather uncertain. 

THE REPRODUCTION OF VIRUSES j 

The mechanism of virus reproduction has been most closily analysed 
in the phage-bacterium system because it is much easierUo control 
experimental conditions for this system than for virus infections of 
higher organisms. Indeed the phage-infection model has oeen used 
for many fundamental studies on the mechanism and regulation of 
specific nucleic acid and protein synthesis in living organisms (Hayes, 
1963), If infection of a bacterium by a phage causes the lysis of the 
host cell, the phage is said to be virulent. The cycle of the vegetative 
reproduction of virulent phages can be divided into various stages 
(see Fig. 12). 

1. Phage Adsorption and Replication (Fig. 13) 

St<^e A . — The first event is the random collision of the phage particle 
with the bacterium. 

Stage B . — ^Adsorption of the phage now occurs between comple- 
mentary surfaces on the tail and the superficial layers of the bacteria 
by a process that is so highly selective that the surface components of 
the bacterial cell exhibit more specificity in this respect than they do 
in serological reactions. With some phages, adsorption requires also 
the presence of specific co-factors, particularly inorganic ions and 
amino acids. 

Stage C . — Following adsorption a lysozyme-like enzyme, which is 
a component of the phage tail, is activated and this dissolves a localised 
portion of the bacterial cell wall. (If sufficient phages are adsorbed on 
to a single cell, leakage through the holes may be great enough to 
produce immediate lysis — ^so-called “lysis from without”.) The sheath 
of the tail of the phage then contracts and the DNA inside the head is 
extruded down its central canal and passes through the bacterial cell 
wall and cytoplasmic membrane to reach the cytoplasm of the host cell. 
As has already been explained, the contractile sheath of the tail consists 
of 140-200 protein subunits, each of which seems to be associated with 
a molecule of a nucleoside triphosphate and a bound calcium ion. The 
process of contraction is associated with the action of an enzyme which 
hydrolyses the nucleoside triphosphate with the concomitant release of 
inorganic phosphate and a calcium ion. The energy produced in this 
reaction is used for the contraction of the sheath, presumably by so 
alteration in the protein of the sheath similar to that which occurs io 
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2. Phage Multiplication 

Stage D . — ^After attachment to the bacterium there is a period — ^the 
eclipse phase '* — amounting to about half the total division cycle, when 
no phage can be detected within the host ceil. During this phase the 
synthesis of bacterial nucleic acid and protein is halted and the activities 
of the host cell are diverted towards s}mthesising the specific proteins 




Fig. 13 

Stage* in the infection of the bacteriaPcell by 
bacteriophage and the replication of the phage 


and nucleic acids of the phage. The first phage-induced polymers seem 
to be the inessenger RNA molecules concerned in coding for the syn- 
thesis of phage proteins in the host ribosomes. The first proteins 
produced m this way are enzymes concerned in the biosim^esis of ^ 
monoiner cor^onente of the phage DNA which may differ from those 
foUowed by multipUcation of the pha^ DNA and 
production of the structural proteins of the mature bact^hage. The 
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view that the various components of the phage are formed separately 
and that they are assembled towards the end of the reproductive cycle 
is confirmed by electron micrographs of infected bacteria and by 
biochemical and immunological evidence. 

St(^e Phage components are assembled to form the mature 
particles which accumulate within the cell. 

3. Bacterial Lysis {lysis from within) 

When the number of mature phages within the cell reaches a critical 
level the bacterium lyses liberating the virus particles which may then 
attack further cells. The mechanism producing the lysis of the baci 
terium seems to be that of an accumulation of a soluble lysozyme 
induced in the later stages of phage growth. 

Each cycle of phage reproduction may occupy 20-60 min. and in 
this time a single phage may produce 200 or more progeny. The precise 
number of new particles liberated from a single infected bacterium is 
known as the “burst size” and is characteristic for each phage strain. 

Phage Specificity and Phage Typing 

Generally speaking phages are exceedingly specific for the host 
bacteria in which they can multiply. Indeed, their specificity in this 
respect often allows a finer differentiation between types of a species 
of bacterium that can be obtained by any other methods. This pheno- 
menon is therefore often used to subdivide single bacterial species 
into “phage types” according to the number and nature of the phages 
capable of causing their lysis, and has provided much valuable informa- 
tion on the spread of strains of staphylococci, salmonellae, etc. in 
epidemiological studies of infection in the community. The phage 
t^ing of the staphylococcus is discussed in greater detail in Chapter 9. 

The usual mechanism of the host specificity seems to lie in the 
process of attachment between the superficial layers of the bacterium 
and the tail fibres of the phage. Usually it is found that the virus will 
adsorb only to susceptible bacteria. It is assumed that the specific 
nature of ^is attachment is due to complementary structures in the 
tail of the ph:^ (probably in the tail fibres) and in a component of the 
bacterial cell wall. The nature of the cell wdl receptors for the T phages 
of E. coU has been analysed; in some cases the lipopolysaccharide of die 
0 somatic antigen is responsible whilst in others the lipoprotein layer 
of the cell wall may provide the areas of attachment However, in some 
phages, the host specifici^ does not lie solely in the adsorption procns. 
Thus Ae Vi phages used for the typing of typhoid bacilli adsorb to 
all strains of SahumeUa typhi irrespective of iheir type. However, a 
Vi phage will multiply only in a tj^hoid bacillus of the homologous 
specific type, so that if applied at a low concentration at which “ly^ 
from without” cannot occur, it forms plaques of lysis (frmn witl^) 
with only this type. The reason for the specifidty in sudk ^sterns is 
unknown, but probably it must lie in some phase after the entry of the 
phage DNA into the host 

Lysogeny and Temperate Huign.— -Infection of a bactethim with 
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phage may result in no perceptible damage to the host cell, and in this 
case the phage is said to be temperate (Fig. 12). The init ial stages of 
adsorption of the phage and injection of the DNA are the same as for 
virulent phage. However, in some of the infected bacterial cH l s , no 
breakdown of the means of bacterial growth and reproduction occurs ; 
instead the bacterium apparently divides normally. Such cells are 
carrying no detectable pha^, but all the progeny of the infected 
bacterium carry the potentiality of producing furAer phages and lysing 
at some later generation. Each cell must contain a component fo rmin g 
part of its genetic constitution which reproduces 83mchronouBly wiA 
Ae bacterium and which is capable of forming mature phagf This 
component is known as prophage, Ae process is Imown as l)rsoge: ition, 
and Ae host bacterium is said to be lysogenic. 

AlAough a temperate phage suspension will lyse a large pn rtion 
of Ae susceptible bacteria and so will form plaques, some lof the 
bacterial cells will be lysogenised and thus become resistant, g^wing 
as colonies wiAin Ae plaque. These resistant colonies can be shown 
to carry prophage since Aey have Ae capacity to develop spontaneously 
vegetative temperate phages. This process can be induced to Ae 
vegetative phase much more efficiently by various non-specific environ- 
mental factors such as ultraviolet light. Thus Ae prophage-vegetative 
system has Ae characteristics of an episome (see p. 94). Lysogenic 
bacteria are immune to infection by phage of Ae type already carried 
M prophage. There is thus an analogy between lysogenicity and the 
"latent infection” shown by animal viruses. 

Phages are important agents in transduction in bacteria, for bacterial 
genetic material can be carried accidentally from host cells of one 
genotype to host cells of anoAer genotype by a temperate phage. In 
oAer c^es (lysogenic conversion) Ae prophage itself confers the new 
propertira. For instance, non-toxigenic strains of Corynebacterium 
d^htheriae become toxigenic when lysogenised by certain phages, and 
similarly salmonellae may acquire new somatic antigens. Bacterio- 
phages can thus be regarded as important factors in bacterial ecology. 


The Multiplication of Animal Viruses. 

A purified suspension of virus particles washed free from contamin- 
ating host material is biologically inert and has none of Ae metabolic 
achvm^ Aat characterise Uving cells. When such a suspension is 
mj^ed mto a susceptible host, however, Ae virus invades Ae cells 
^d multiplies witkn Aem The first stage of infection is adsorption 
of Ae virus particle on to Ae surface of Ae host ceU. The influenza 

JSk enzyme neuraminidase which combines 

wA muTOpolyMccharide on the cell surface and Aus enables Ac par- 

^ ^ pmid. diainteg- 

rated on the cell surface and that only its ribonucleic acid nasses 

(What happen 

fjonents of Ae vmis, such as Ae haemagglutinin anfl lipid, is unknown.) 
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The cell membrane of an animal cell is very much less rigid a|id is 
considerably more active than that of the bacterial cell so that virus 
penetration may not need the succession of events in the syringe 
mechanism employed by bacteriophages. Although neuraminidase 
facilitates attachment of the virion, penetration frequendy occurs 
without its aid and it must be assumed that the host cell itself pla)r8 an 
active part in drawing in, or ingesting, the virus nucleic acid. One 
hypothesis is that when there is close contact between the virus and 
cell surfaces there is fusion of the opposing two lipo protein membranes 
and the establishment of a homogeneous mass which is then engulfed 
by a process similar to that of pinocytosis by which non phagocytic 
cells are able to ingest fluid droplets. Once wiflun the cell the influenza 
virus RNA begins to initiate development of new viral material at a 
site in or close to the nucleus and after an eclipse period the cell is 
induced to produce a substance with the properties of the viral core. 
Simultaneously there occurs in the cytoplasm a different synthetic 
process that produces haemagglutinating particles containing protein 
but no nucleic acid. These two virus components migrate from the 
sites of their formation to the periphery of the cell where they are 
assembled to form new virus particles, probably with the active par- 
ticipation of processes initiated in the host cell membrane. The new 
virions are released in small numbers by a slow continuous leaking 
process and as they leave the host cell they acquire from the cell 
membrane an outer lipid covering layer which binds their components 
together. Viruses assembled at or on the host cell membrane are, by 
virtue of the lipid content of their covering membrane, easily disrupted 
by ether Franklin (1962). The virus of herpes simplex appears to have 
a somewhat similar method of replication although in the early phases 
of its growth cycle, synthesis of viral DNA and of protein occurs within 
the nucleus and continues until the capsid is assembled and covered 
by a single membrane. The particles seem to acquire a second 
membrane from the nuclear membrane as they enter the cytoplasm 
whence they are released without apparent damage to the host cell. 

There is, as yet, little information available on the means by which 
other animal viruses attach themselves to and penetrate their host cells 
but there is evidence that the poliovirus disintegrates at the cell surface 
to release its RNA. In the case of the vaccinia virus, however, the 
particles are fotmd within the host ceil walls with their outer membranes 
intact within an hour of first contact. 

Some animal viruses have the same profound effect on their host 
cells that a virulent phage has on a susceptible bacterium, and the 
reproductive cycle en^ with gross damage and total destruction as the 
cell bursts to liberate large numbers of new particles. The pox viruses 
produce this effect in the skin and the damage may be so profound that 
severe clinical manifestations of the disease become apparent. 

Other animal viruses multiply rapidly and damage the tissues 
mildly so that the affected cells may survive for quite long periods and 
^e iUness iDRy be less severe. In some circumstances, e.g. in heipes 
infections in the ^in of the face, a state of equilibrium may be 
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nimilnr to that esublishcd between a temperate pha^ and lysogenic 
bacterium. Such latent infections continue for long periods and it is only 
under the action of external stimuli, such as exposure to ultraviolet light 
or metabolic disturbance, that the herpes virus or the prophage are activat- 
ed once more to damage their host cells and give rise to obvious effects. 

Virus Tropisms. — Many animal viruses have a marked affinity 
for special organs and it has been customary to group them together 
according to their particular tissue predilections. Thus viruses were 
classified as dermotropic, neurotropic, pneumotropic, enterotropic and 
viscerotropic, but these tropisms are seldom absolute and vary as the 
virus is grown in the laboratory. For example the strains of the polio- 
myelitis virus used in Sabin’s oral vaccine have changed solcompletely 
that they have lost their neurotropism and no longer datnage nerve 
cells although they retain their enterotropism and multiply freely in 
the cells of the intestinal tract. Frequently a lesser variation in tissue 
tropism occurs in the laboratory and this indeed happens whenever 
a newly isolated virus is adapted to grow in any unfamiliar cell system. 
Tissue tropisms are not closely related to the other properties of a virus 
and thus constitute only one of a number of minor criteria used in virus 
taxonomy. 

Little is known of the factors that determine the susceptibility or 
resistance of any particular tissue to an individual virus, but the surface 
configuration and chemical structures of the cell membrane are im- 
portant factors just as they are in the bacterium phage S 3 rstem. In the 
case of the poliovirus Holland and Hayer (1962) have shown that a 
specific receptor (probably an insoluble lipo-protein complex) is present 
in the membrane of susceptible nerve cells and that it is absent from 
organs and tissues not normally attacked. 

Inclusion Bodies. — During the course of multiplication, many 
viruses are associated with the appearance or large distinctive structures 
known as inclusion bodies. They may be situated either in the cyto- 
plasm, or in the nucleus or, as in the case of measles, in both. The 
inclusion bodies are often acidophilic and usually appear as pink masses 
in smears or sections stained with Giemsa’s stain or with Matm’s eosin 
methyl-blue stain; basophilic inclusions are characteristic of the 
psittacosis-lymphogranuloma group. In size they vary from 1 to 30 
in diameter. In certain infections the inclusion body is intimately 
concerned with the reproductive cycle and can be seen to contain large 
nuinbers of virus particles when it is examined elcctron-microscopically. 
Duimg the early stages of the formation of an inclusion the elementary 
bodies are held within it in a jelly-like matrix. 

Intracytoplasmic inclusion bodies are often so characteristic in their 
appearance that their presence in tissues is of du^ostic significance. 
One large inclusion, the Negri body, is up to 20 in diameter and 
acidophilic; its presence in the nerve cells of the hippocampus of the 
dog’s brain justifies the presumptive diagnosis of rabies. Rather 
snmller multiple inclusions are found in the cells of hosts infected with 
Ae vaccinia virus and are known as Guamieri bodies. Very large 
inclusions known as Bollinger bodies are characteristic of fowl-pox and 
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those of molluscutn contagiosum are so large (20 x 30 ft) that thejr are 
easily visible in sections of the skin seen under the low power micro- 
scope. 

Intranuclear inclusions are acidophilic and may be of two types; 
Cowdry Type A is granular in appearance and of variable size, and is 
found in herpes simplex, zoster, varicella and yellow fever; Type B, 
which is more circumscribed and sometimes multiple, is found in 
poliomyelitis, adenovirus infections and Rift Valley fever. 

The fundamental characters described can be used to place the 
great majority of animal viruses into seven main groups. These are (1) 
the poxviruses, so-called from the skin lesions they produce, (2) the 
myxovinises named from their affinity for mucus, (3) the herpesviruses 
named from the creeping lesions of shingles, (4) the adenoviruses which 
were first found inhabiting adenoid lymphatic tissue, (5) the REO viruses 
associated with respiratory enteric infections, (6) the arhorviruses which 
are arthropod-bome, (7) the enteroviruses together with the rhinoviruses 
are now to be called "picornaviruses" (pico implies a very small virus 
and RNA, of course, indicates the nucleic acid content). (8) the 
papilloma (PA), polyoma (PO), vacuolating agent (VA), PAPOVA 
viruses. A more complete classification of the viruses of vertebrate 
hosts is given (Andrewes 1963) on p. 83 et seq. 


A Summary of the Fundamental Characters of the eight main Groups of 
Animal Viruses (after Andrewes, 1962) 


Virus Group 

Nucleic 

Acid 

Size in 

mft 

Number 
of Cap- 
someres 

Mem- 

brane 

covering 

capsid 

Matur- 
ation 
at cell 
surface 

Ether 

Sensi- 
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1. Poxviruses 

DNA 

300x250 

? 

+ 

0 

+ or 0 

2. Myxoviruscs 

RNA 

100-300 

? 


+ 

+ 

3. Herpesviruses 

DNA 

120 

162 

+ 

0 

+ 

4. Adenoviruses 

DNA 

100 

252 

None 

0 

0 

5. Reoviruses 

RNA 

75 

92 

None 

0 

0 

6. Arborviruses 

RNA 

40 

? 

? 

+ 

+ 

7. Picomavtruses 

RNA 

20-30 

32 

None 

0 

0 

8. Papovaviruses 

DNA 

25-45 

42 

? 

0 

0 


Pathogenesia. — ^The point at which a virus enters the host’s body 
and the course of its subsequent growth is determined partly by the 
nature of the virus itself and partly by the resistance or susceptibility 
of the cells concerned. When the virus multiplies it may spread onfy 
from cell to cell producing a small focal lesion, as for example a 
wart or a single moUuscum contagiosum body. Viruses deposited on 
mucous membranes of the respiratory trart, however, may multiply and 
spread over much larger areas producing, in the nose, a common cold or 
in the trachea and brondii an attack of urauenza. The mode by which the 
virus spreads over ffie mucosae is probably by a combination of the 
cilia-motivated flow of infected mucus and ffie migration of virus-laden 
leucocytes. " 

In oflier infections the virus may spread from its site of primary 
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multiplication to the local lymph nodes. This often happens in primary 
cutaneous vaccination against smallpox when the axillary lymph glands 
enlarge. In severe infections with such viruses as those of smallpox 
or poliomyelitis, the process continues even further and virus is liberated 
into the lymph channels and carried thence into the blood stream to 
give rise to viraemia and the generalisation of infection throughout the 
whole body. These events mark the conclusion of the ‘‘incubation 
period** of the disease and during the next few days prodromal signs, 
particularly fever and malaise, occur as the “target organs** are being 
invaded by the virus. When massive areas of the target organs have 
been destroyed by the virus the severe clinical form of thd illness 
becomes obvious, e.g, the skin rash of smallpox and the paralysis in 
poliomyelitis. The damage that viruses do to tissues usually takes 
the form of degenerative changes in foci of virus-infected cellsA these 
foci are surrounded by an outpouring of inflammatory cells that are 
predominantly monoc 5 ^ic. The nature of the degenerative changes 
depends on the type of the cell involved and on whether the virus 
multiplies in the nucleus or the cytoplasm; the anterior horn cells 
in the spinal cord in paralytic poliomyelitis show granulation of the 
cytoplasm and severe nuclear damage, whereas the epithelial cells in the 
epidermis in smallpox show ballooning of the cytoplasm and later break 
down to form vesicles. Some viruses do not destroy the host cells but 
stimulate them to proliferation and to form tumours; in man, the warts 
virus produces a small, innocent, localised papilloma whilst in mice and 
polyoma viruses give rise to multiple highly malignant neoplasms. 

Infectivity, — Viruses, as a group, are highly pathogenic in minute 
doses. Serum from a case of infective hepatitis injected in a dose of 
less than 0*1 ml. has been known to transmit the disease. A millionth 
part of 1-0 ml. of a 10 per cent, brain suspension from an infected 
monkey is sufficient to infect another animal with yellow fever. 

Epidemics are particularly characteristic of many virus diseases. 
Influenza assumes major epidemic proportions at irregular intervals 
of three to five years and at roughly forty-year intervals sweeps over the 
whole world, as is witnessed in the pandemic of 1918-19 and the Asian 
influenza of 1957. Smallpox is notorious for the ease and rapidity 
with which it spreads and for the severity of the epidemics it causes. 
Amongst animals, foot and mouth disease and fowl pest have an amazing 
power to spread not only from one host to the next but from one 
geographical location to another. 

The transmission of virus infections may occur in many ways. 
Direct transmission by contact between persons is responsible for the 
spread of the inclusion conjunctivitis virus which inhabits the human 
genital tract and spreads from one consort to another during sexual intern- 
course; later it reaches the eyes of a baby as it passes through the birth 
canal. Similarly the virus of molluscum contagiosum spreads by direct 
contact of skin to skin. Spread by means of the ingestion of infected 
rood or dnnk is the main method by which polioviruses and other entero- 
^ruses reach new victims after leaving the body of the previous host in 
the faeces. Droplets of infected mucus sneezed out by patients suffering 
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from common colds or influenza possibly convey the infection through 
the air and may be inhaled by the next person in the chain of infection. 
Dust contaminated with the organism of Q fever may be breathed in 
and give its recipient an attack of pneumonia. (It should be noted, 
however, that there is very little good evidence available to indicate 
the relative importance of droplets, dust, contact and other possible 
mechanisms in the spread of the respiratory tract viruses.) A dog may 
bite a victim and introduce directly into the tissues the rabies virus which 
is present in its saliva. Mosquitoes, ticks and other artluopod vectors 
carry viruses for long periods in their bodies and when they bite man 
they are able to infect him by the injection of the virus in their saliva. 

Virus Haemagglutination 

Some viruses, notably those of the influenza group, cause the 
agglutination of the red blood cells of man, fowls, guinea-pigs and 
other animals. Virus particles attach themselves to the surface of these 
cells by means of enzymatic groups which react with a mucopoly- 
saccharide substrate in exactly the same way as they adhere to the 
surface of the epithelial cells of the bronchioles. 

When red blood cells are added to a virus suspension each cell 
becomes speckled with many adherent virions; often one particle is at- 
tached to one or more cells forming a bridge between them and fastening 
them together. In this way the cells are agglutinated into masses which 
fall rapidly in the suspending fluid to settle on the bottom of the tube in 
an irregular ragged pattern. Once the cells have been agglutinated, and 
when Ae substrate in the receptor areas has been exhausted, dissociation 
occurs and the virus is liberated. Red blood cells treated in this way 
are permanently damaged and can no longer be a^lutinated by the 
virus, which is unaltered by the process and retains its power to 
^glutinate fresh ceils. 

Haemagglutination is probably a model of the first stage of the 
natural infection of cells, because the mucopolysaccharide substrate 
which enables the virus to attach itself to the red ceil envelope, is also 
found on the surface of the epithelial cells of the respiratory tract. In 
this way the influenza virus can be intimately applied to the surface of 
its host cell and has only to traverse the cell wall to initiate infection. 
The mucopolysaccharide substrate is also present in mucus from the 
intestine, ovarian cysts, milk, urine and serum; it is often referred to 
as a “non-specific inhibitor” of virus action. A similar enzyme is also 
found in some bacteria, notably the cholera vibrio and Cl. welchU', it is 
usually called the “receptor destroying enzyme” (RDE). The 
property of haemagglutination resides in the virus particle itself; in 
the case of the influenza virus it is formed early in the reproductive 
cycle and can be demonstrated in immature, or “incomplete” virus, 
which is not yet infective. 

The haemagglutination reaction is important in Idiioratory worit 
because it; provides a simple and rapid method by which virus can be 
detected in eg^ and tissue culture fluids. Furthermore infected cells in 
tissue cultures adsorb red blood cells to their surflujes (haemadsorption) 
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and are thus shown to be harbouring virus. Haemagglutination a alst 
the basis of a method of virus purification. Virus in crude infectec 
fluids is adsorbed on red cells which are then sedimented; after remo\'a 
of the supernatant the virus is eluted into a small volume of cleat 
fluid and the erythrocytes are removed by slow centrifugation. 

Haemagglutination is found in other groups of i^ses. Poxviruse; 
give the reaction, but their haemagglutinin is distina from the inUc 
infective virus. The haemagglutinin of the vaccinia virus is desttoyec 
by (e.g. « toxin of Cl. toekhn) and is a lipoprotein; it is i 

much smaller particle than the virus itself and can be sep^ted from i 
by centrifugation or adsorption with red blood cells. I 

The arthropod-borne viruses which cause such infections as dengue 
yeUow fever, Japanese B and other types of encephalitis also possesi 
Lemagglutinins, as also does the mouse pneumonia ^rus (PVM) 
These haemagglutinins appear to have a reversible state of equilibriun 
with erythrocytes; they are inhibited by lipids and are v^ry sensitivi 
to slight variations of pH. The members of the group of adenoviruse 
agglutinate the red blood cells of monkeys, mice, and rats. Certoir 
types of ECHO viruses agglutinate human Group O erythrocytes anc 
in the process the red cells receptors are exhausted. 

Haemagglutination reactions of many of these t^es are used ii 
antibody estimations. Viruses when mixed with antibodies lose thei) 
power to agglutinate red blood cells; the extent to which a serum i; 
able to inhibit haemagglutination is a measure of its antibody content 
Haemagglutinatiott inkibition tests are highly specific and are particular!} 
valuable in serological work with the variants of the influenza viruses. 

Interference. 

When animals are inoculated with certain viruses they may beconit 
resistant for a while to the effects of a second and more virulent virus 
The injection of Rift Valley Fever virus into monkeys, in which it causes 
only a mild illness, protects them against the challenge of a letl^ dose ol 
the yellow fever virus and similm’ly the benign lymphocytic chorifr 
meningitis virus excludes the effects of infection with the poliomyelitis 
virus. The viruses in these examples of interference are unrelated aii 
are distinct immunologically. 

There are, however, many other instances of interference where the 
two viruses are more closely related and in these the phenomenon can be 

clearly demonstrated in experiments withchickembryoandtissuecultures. 

Thus previous infection with influenza A virus precludes subs^uent 
invasion by another influenza A virus, or the mumps or Newcastle viruses. 
There is some evidence to suggest that interference may occur under 
natural conditions in man, for if patients convalescent from infection wid* 
dengue type I virus are challenged with the immunologically (iistinc< 
dengue II virus they can be shown to have some resistance. 

Interference has frequently been observed to occur between virus® 
and tiieir oro mutants; the dermotropic vaccinia virus suppresses d>| 
growth of its neurotropic variant, and non*encephalitogenic strain* ® 
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the herpes simplec virus protect the rabbit against virulent encephalito- 
genic strains. 

The interfering action of living viruses may be due to a variety of 
causes. Enzymatically active virus may destroy or occupy all the re- 
ceptor areas on the host cell and thus prevent access by tihe second 
virus; or the interfering virus may compete successfully for tbe control 
of enzyme systems and nucleic acid synthesis within the cell, leaving 
no metabolic processes available for the second virus. It is also possible 
that the mechanism of escape of the interfering virus from the cell is 
blocked and that this prevents invasion by the challenging virus. In 
short, if the cell is occupied by an interfering virus a second virus may 
be unable to enter. 

It must be remembered, however, that there are some occasions 
when two viruses can invade and multiply in the same cell simultane- 
ously without interference occurring. When one virus is situated in 
the nucleus and the other in the cytoplasm both can reproduce un- 
hindered, e.g. herpes simplex and vaccinia, measles and poliomyelitis. 

Killed virus as well as living virus possesses the power to interfere. 
Heat at 56° C. and exposure to ultra-violet light destroy the infectivity 
of a virus without affecting its capacity for mterference. 

bterferon. — The mechanisms of viral interference became more 
clearly understandable when Isaacs and Lindemann (1957) showed that 
virus-containing cells release a soluble substance wUch has the power 
to reproduce the effects of an interfering virus. This substance they 
named '‘interferon'* and their first observations showed that influenza 
virus inactivated by heat or ultra-violet light was able to stimulate the 
cells of growing fragments of chick chorio-allantoic membrane to release 
interferon in considerable amounts. It was soon discovered, however, 
that many different animal viruses possessed this property and that 
interferon production also occurs when cells are infected with living 
viruses. Deoxyviruses such as the poxviruses as well as riboviruses 
such as the myxoviruses, and the arbor- and enteroviruses can all 
stimulate interferon production. No matter which virus initiates the 
reaction, the interferon produced is alwa)^ essentially the same sub- 
stance. It must be emphasised that interferon is a host cell product 

Interferon differs from the original virus in many ways. It is mudi 
smaller, it is not neutralised by specific viral antisera, and it cannot 
be adsorbed on to erythrocytes. The interferon particle is composed of 
protein with a molecular weight of 20,000 — 34,000 and a trace of carbo- 
hydrate; it is non-dialysable and contains no nucleic add (Lampson et 
dl; 1963). Interferon is destroyed by proteolytic enzymes but is in- 
sensitive to non-proteolytic enzymes such as amylase, lipase and deoxy- 
'ribonuclease. Although it is a protein, it is not antigenic, even when 
injected t(^[ether with adjuvants. It is stable over the pH range 2—11 
and its ability to withstand pH 2 is useful in distinguishii^ it frimi 
inactivated viruses. Purified interfwon is adsorbed stroni^y to glass, 
paper, starch, and but not to polypropylene vessds. It can be 
eluted from glass by Ae use of bovine albumin or Tween 80. Tte 
fProducti<m of interferon in cell cultures is inhibited by cortisime, a 
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finHin g that may offer an explanation of the way this drug is able to 
<» phgnrf; the Severity of so many virus infections. There is some evid- 
ence to suggest that interferon production may be a general response 
to the introduction of foreign nucleic acids into the host cell. 

When a cell has been invaded by a virus the interferon produced 
diffuses to neighbouring cells and confers on them a temporary resist- 
ance which limits the spread of infection and probably plays a part in 
the recovery from disease. Cells that have been treated with inter- 
feron can still take in the virus particle which, however, is unable to 
multiply. The action of interferon is entirely on the host cell and it is 
without any direct effect on the virus. The exact mod^ of its action 
is not yet understood but it is likely that it inhibits seme oxidative 
process that supplies the vital energy for the synthesis of viral DNA 
or RNA, possibly by uncoupling phosphorylation from oxidation. 
Oxygen tension plays a critical role in the production of interferon. If 
oxygen in the atmosphere is replaced by nitrogen little or np interferon 
is produced. Conversely if a high oxygen tension pertains, as when 
mice are infected with influenza virus and held in an atmosphere of 
50 per cent, oxygen, they fail to produce interferon in their lung 
tissues and suffer an increased mortality and die earlier than control 
animals kept in the ordinary atmosphere. 

Cancer cells and the cells of very young chick embryos are insensitive 
to the anti-viral actions of interferon and this may be related to the fact 
that both these two types of cells are able to carry out the glycolysis of 
glucose under anaerobic conditions and that they do not require oxid- 
ative phosphorylation for their energy requirements. It is probable 
that the in erferon mechanism is only developed by the cells after the 
first third of embryonic life and if this is true it would offer an explana- 
tion of the great susceptibility of early embryonic tissues to virus infec- 
tions. This could also explain why mothers infected with the rubella virus 
during the first three months of pregnancy are very liable to have 
babies with congenital abnormalities, whereas others infected later in 
preg^cy only rarely have abnormal children. The ability of a virus 
to stimulate interferon production is closely and inversely related to 
its virulence and to the optimum temperature for its growth. Avirulent 
strains of the poliomyelitis and measles viruses are known to cause 
considerable interferon production, but wild and virulent strains of 
these viruses stimulate little or no interferon reaction by the host cell. 
Viruses with high optimal temperatures for growth, e.g. Newcastle 
disease virus at 42° C. and fowl plague virus at 39° C., are less sensitive 
to interferon than those that grow at lower temperatures, e.g. some 
arborviruses at 35° C. and common cold viruses at 32° C. It is gener- 
ally true that virulent viruses with high optimal growth temperatures are 
weak inducers of interferon production in the host cell (Isaacs, 1962). 

Since interferon is non-toxic, non-antigenic and active against many 
different viruses it may have an important role to play in medicine. li 
intmeron is inj^ed locally it will prevent infection of the human skin 
wm the vaccinia virus, but its value as a therapeutic agent in estab- 
lished virus disease has yet to be determined. 
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The Cultivation of Animal Viruses 

To cultivate viruses it is always necessary to provide living host 
cells; no inanimate culture medium can meet the growth requirements 
3 f a virus and there is no evidence that reproduction ever ^es place 
outside a living cell. Host cells are usually provided in one of three 
Forms: 

(1) The experimental animal. 

(2) Chick embryos. 

(3) Tissue cultures. 

Animal Inoculation was at one time the only method available, but 
has now been largely replaced by newer methods. In general, aniiftal 
inoculation techniques depend for their success on the demonstration 
of a recognisable disease or death after a defined time interval. The 
presence of inclusion bodies of characteristic morphology in the 
animars tissues provides additional evidence of virus infection. The 
poliomyelitis virus, for example, after intraspinal or intracerebral 
inoculation causes typical paralytic disease in Ae monkey, while the 
v^ariola or smallpox virus causes the formation of lesions in the scarified 
skin or cornea of the rabbit (Paul’s Test) accompanied by the appear- 
ance of multiple eosinophilic intracytoplasmic inclusions in the epithelial 
:ells. Since these methods are slow and full of technical difficulties, 
they are employed only when no other means is available. When 
animals are suspected of rabies, brain tissue is taken at autopsy and is 
inoculated intracerebrally in mice and rabbits; if it is present the 
animals develop encephalitis and die seven to ten days later. Coxsackie 
viruses are identified by their unique property of causing severe 
myositis and paralysis in suckling mice. In yellow fever, antibodies 
in the serum are detected and titrated by their power to protect mice 
against a lethal doses of the virus. 

Chick Embryos provide more satisfactory hosts for they are clean 
id bacteriologically sterile; they also have the advantage that they 
lack any protective specific immune mechanism to counteract virus 
‘ ifection. Vaccinia and the other pox viruses together with the herpes 
simplex virus all produce lesions on the chorio-allantoic membrane 
vhich are highly characteristic and easily recognisable with the naked 
eye. Influenza viruses multiply in the cells of the embryo’s lungs and 
in the cells lining the allantoic cavity and arc recognised by their 
" aemagglutination and haemadsorption properties. The psittacosis 
fymphogranuloma group and the Rickettsiae grow well in the yolk sac and 
^isually kill the embryos within well defined time limits. 

Tissue Cultures of human or simian cells are the most fi^uently 
ased and are relatively simple to prepare in the large quantities ^t 
Ire required by modern diagnostic virological methods. Suspensions 
pf cells dispersed from tissue fragments or from bulk cultures of cell 
‘nes such as HeLa, are obtained by tryptic digestion The cells adhere 
► the walls of the test-tubes and grow out to form a sheet, or mmutkyer, 
^hich is easily observed in situ under die low power objective of the 
icroscope. 
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The details of the techniques of egg cultivation and tissue culture 
are given in Chapter 57. 


THE ASSAY OF ANIMAL VIRUSES 

The presence of a virus in infected tissues or exudates is demon- 
strated by the methods of cultivation already described and by the 
observation of changes in whatever host system is employed. But it 
is often essential in medical diagnostic work, in fimdammtal studies 
of the growth of viruses, and in observing activity of antibodies and 
arttiviral agents, to have some means of estimating ac^irately the 
numbers of virus particles. 

There are many methods for counting, the most dire<k is that of 
spraying a fine vapour of the virus-containing fluid on to electron 
microscope grids. The droplets of the vapour are of knov^n volume 
as estimated by ph}rsical measurements or the inclusion of known 
numbers of reference latex particles in the virus suspension; the 
virus particles contained are deposited in a circumscribed area so 
that they can be counted on the electron-micrograph. Of course, 
preparations of this sort give only a total count which includes both 
liv ing and dead virus particles; if a viable count is needed an estimate 
must be made of the infectivity of the particles. 

The numbers of infective virus particles can be counted by inoculat- 
ing a series of gradually diminishing doses of the viruses into groups 
of susceptible animals, eggs, or tissue cultures. 

The Cytopathic Effect (CPE) of the virus on the host ceU is much 
used for Ae determination of the infectivity titre of a virus suspension. 
Viruses as they grow in tissue cultures produce different effects varying 
from rapid and complete necrosis of the host cells in 48 hours to a slow 
rounding off and minor types of degeneration appearing many days 
after infection. The CPE is easily observed with the’ low-power 
objective of the light microscope and is given by nearly all the major 
groups of animal viruses. Sometimes the effects are characteristic 
for the virus concerned, as for example the giant cells and syncytia 
formed when tissue cultures are infected with the herpes or measles 
viruses. The infectivity titre of a virus culture can be determined by 
the inoculation of a series of diminishing amounts of it into a sufficient 
number of tissue cultures and the definition of the minimal dose needed 
to produce a CPE. 

A point is reached where a given dose of the virus produces a 
recognisable effect in one-half of the inoculated hosts. When, as usually 
happens, none of the inocula used gives exactly a 50 per cent, incidence 
of infection, the size of the inoculum that would have done so may be 
^^lated by the formulae mentioned in Chapter 52 The 50 per cent, 
incidence of infection represents the end point of a virus titration; the 
inoculum giving this result in animals is known as the LD50 (50 pet 
cent, lethal dose), the EID50 (for infectivity in eggs), or the TCDSO 
(for tissue culture effects). 
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The plaque coutairig technique offers another convenient method of 
estimating the number of living virus particles. If a suitable dilution 
of a virus is sidded to a confluent sheet of susceptible cells growing in 
a Petri dish visible plaques appear wherever the virus attadts and lyses 
the cells. When a virus particle enters a single cell, it multiplies and 
destroys the cell, and then spreads to contiguous cells; the process is 
then repeated until a visible area of clearing (a plaque) results. With 
small virus inocula each plaque represents a single infective virus 
particle and by counting the plaques that result from a given volume 
of a virus dilution an estimate can be made of the total number of 
plaque forming units {i.e. infective virus particles) present The pro- 
portion of the total number of particles as estimated under^the electron 
microscope to the number of plaque forming units (i.e. Viable virus 
particles) gives an estimate of the “plating ^efficiency” of the virus 
preparation. Under optimal conditions bacteriophages have a very high 
plating efficiency (1*0) and each particle may be infective, but with animal 
viruses (e.g. vaccinia) the infectivity may be much lower because some 
of the viruses may be inactive or some of the host cells insusceptible. 
With plant viruses the plating efficiency is usually poor and a hundred 
or more particles are needed to establish infection. Plaque counting 
methods have a general application in experiments with bacteriophages 
and with animal viruses growing in tissue culture monolayers. A very 
similar method is used for those animal viruses that produce lesions on 
the chorio-allantoic membrane of the chick embryo and is known as the 
pock coming technique. 

These assay methods rely on the infectivity of virus particles to 
reveal their presence but there are other properties that can be used for 
this purpose. 

. Haemagglutinatim is one such property that is frequently used in 
estimations of the number of virus particles present in ffie fluids of egg 
cultures of the myxoviruses. The haemagglutinin titre of a virus fluid 
gives an index of the number of virus particles present, but the figure 
obtained is often higher than that obtained in infectivity experiments. 
This apparent discrepancy is due partly to the fact that immature or 
“incomplete” virus particles acquire the property of haem^glutination 
before they become fully infective and partly to the fact that virus 
particles exposed to heat or other physical agents retain their power to 
agglutinate red blood cells long after losing their abili^ to reproduce. 
Myxo- and arborviruses as they grow induce a change in their host 
cells so that red blood cells attadi themselves to the cell wails. This 
phenomenon is known as hamadsorption and is of special value in the 
assay of para-influena viruses. 

Antigenic components that can be detected by serological methods, 
such as complement fixation, precipitation, or haemagglutination in- 
hibition are also often used in virus assay and provide the means 
whereby the potency of an antigen can be gauged before use in dii^oatic 
antibody tests. By miving g^ually diminaffiing amounts of the virus 
'''ith a q yanrit y of a suitfffile antiserum the anwunt of virus can be 
determined by the manner and d^iee with which Uie two tnngeceas 
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combine together. In tests of this type the antigen concerned is usually 
the protein of the viral capsid. 

Metabolic Effects , — ^The multiplication of many viruses (notably the 
polioviruses) damages the host cells so profoundly that their normal 
metabolic processes cease. In tissue cultures ^s effect becomes 
obvious because the damaged cells can no longer liberate acid and the 
phenol red indicator of the culture medium fails to change colour in 
the same way as it does in control uninfected cultures. This colour 
change is used to titrate the activity of enteroviruses in tissue cultures 
and also to estimate the power of antibodies to check virus growth. 


VIRUS MUTATION 

Although some animal viruses such as those of mumps and measles 
are remarkably stable over many years, others, like the influenza vims 
A, show a striking lability with a marked tendency to variation md 
mutation of some of their characters. In a growing population of 
the latter viruses mutation occurs constantly and there is a continuously 
active process of selective proliferation and survival which determines 
the character of the dominant virus. There is much laboratory evidence 
to prove that new virus forms emerge as a result of this process. Mutant 
vimses can differ from the parent strains in many ways ; they may have 
an increased rate of reproduction, altered haemagglutinating characters, 
increased or diminished pathogenicity or modified antigenic stmcture. 
It is its high mutability and the plasticity of its antigenic stmcture that 
enables the influenza virus A to assume a new form at irregular intervals 
and to initiate frequent epidemics. 

In contrast, other mutants remain antigenically stable but lose the 
pathogenicity of the parent strain ; such mutants are referred to as being 
attenuated . Thus the vaccinia vims has retained antigens of the 
variola vims but has lost its power to produce smallpox, and the 17D 
strain still contains the antigens of the yellow fever vims although it 
lacks its vimlence. Both these mutants are of great importance because 
safely as highly efficient immunising agents. 

The isolation of mutants of this type from other vimses is a matter 
of importance because vaccines containing live vims impart a fuller 
m^ure of durable immunity than do those containing killed vims. 
The^ selection of an attenuated mutant is usually accomplished by 
passing large doses of the original vims in a series of rapid transfers in 
an unfamiliar host, so that any fast-growing mutant will have optimal 
conditions for survival. When a mutant reproduces more rapidly than 
the p^ent^rain it cm be separated in a pure clone from a single vims 
parti^. This can be done by making “limiting infective dflutions** 

^ new host, or by plating on a monolayer of cells in 
tissue culture, using the plaque technique. 

attenuated mutants have been obtained from the 
vaccmes for oral administration. Using egg cultivation methods, 
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attenuated strains of the rabies virus (Flury strain), the canine dis- 
temper virus, and the rinderpest virus have been obtained and have 
provided efficient vaccines for veterinary use. 

Reco mb in at ioH. — If a host cell is confronted by two animal viruses 
simultaneously, there are three possible outcomes: (a) both viruses 
may enter and multiply without either influencing the offier; (b) entry 
of one virus may inhibit the multiplication of the second (interference); 
(c) the presence of the first virus may influence the reprod)H:tive pro- 
cesses of the second and vice versa, so that the progeny develop characters 
derived from both the parent viruses. In the third eventuality a genetic 
transfer of material between the two growing closely related viruses 
has occurred and is referred to as a process of recombination. It has 
been shown for example that the neuropathogenicity of a variant of 
influenza virus A (NWS) can be transferred under these circumstances 
to another influenza virus (MEL) that lacks this quality. Recombination 
has been most intensively studied in the group of influenza viruses, 
but has been induced between vaccinia and rabbit pox, and in strains of 
the psittacosis virus. It is not known how frequently hybrids of t h is 
type occur under natural conditions but the mechanism may offer an 
explanation for the evolution of new viruses. For further reading on 
the subject of virus geneitcs the reader is referred to a review of the 
work of Burnet (1959) and to Fenner & Sambrook (1964). 

ANTIVIRAL IMMUNTTY 

Resistance to infection with viruses depends on the same defence 
mechanisms that operate against bacteria. Viral infection is consis- 
tently followed by the development of specific antibodies that can 
be measured by the usual immunological methods, such as comple- 
ment fi:mtion, neutralisation and precipitation. Natural immunity, 
together with species specific resistance, is as familiar in virus diseases 
as it is in bacterial infections. The rdle of antibodies in overcmning 
viral infections lies principally in their power to combine with the 
invading microorganism and to prevent it gaining access to the host’s 
cells. In this way they are less efficient than antitoxins, which combine 
rapidly and ayidly with bacterial toxins, but far more effective than the 
humoral antibodies in such infections as tuberculosis or t 3 rphoid fever. 
In the rare condition of hypo-agammaglobulinaemia, children do 
not develop antibodies after receiving inoculations of antigens nor after 
recovery from measles, mumps, chi^enpox, or Jennerian vacciiution. 
And yet these conditions are no more severe than in ordinary children 
and after recovery the children are clinicaliy resistant to re-infecti<m 
or re-t^wcination. Viral immimity must rest on other factors besidbs 
humoral antibodies, and it seems probable that cellular resistance 
together with interference and interferon pro<^ction by otiier viruses 
may be of importance. The rdle of phagocytic cells and tite value to 
the host bf non-specific factors such as complement is MiU undetemuned. 

Tlie outs^mding feature of all virus infections is tiie intracdflu- 
iar situation of tiie growing virus; here it is pttHected by the Cdl 
F 
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(membrane) which is an impervious barrier to circulating antibodies. It is 
this circumstance which renders ineffective the therapeutic use of anti- 
sera once a virus infection is established; in paralytic poliomyelitis, for 
example, antibodies given in the form of convalescent serum or as 
gamma globulin do not benefit the patient, because they cannot reach 
the virus as it grows within the horn cells of the spinal cord. The real 
value in medicine of antibodies lies in their capacity to neutralise the 
virus before it reaches the host cells. Thus the early prophylactic use 
of human gamma globulin is highly effective in preventing the estab- 
lishment of clinical infection in persons recently exposed to measles or 
infective hepatitis. / 

Some virus infections are followed by a prolonged immunity that 
may persist for life, while in others it may last for only a few mmths. 
A prolonged immunity is characteristic of measles, mumps, smallpox, 
yellow fever and second attacks of these diseases are extremely rare. 
It is significant that in all these diseases there is a phase of viraemiaWd 
often a long incubation period. Probably the long incubation period 
allows time for a secondary antibody response to become effective 
before the stage at which symptoms of the infection would become 
apparent. After multiplication in a primary focus of infection for about 
ten days, the virus overflows into the bloodstream; it is then carried to 
fresh host cells at a distance where it may multiply to produce a rash 
and provide a powerful secondary stimulus to antibody production. 
Viruses that give long-lasting immunity are almost invariably anti- 
genically stable and it is rare for them under natural circumstances 
to vary or mutate. 

One explanation of the reasons for the long persistence of a solid 
immunity may be that the virus remains alive in a modified form within 
affected cells to act continually as a stimulus to antibody formation. 
It must, however, be stated that whenever such events have been proved 
to occur, as in herpes simplex infection around the lips in man, or in 
benign lymphocytic chorio-meningitis infections in mice, there is, 
instead of a solid immunity, a marked tendency to relapse with re- 
crudescence of clinical lesions. 

Limited immunity of short duration occurs most frequently in 
conditions where there is no evidence of a viraemic phase and where 
the infecting virus has a marked tendency to antigenic variation. 
Influenza, the common cold, and many other viral infections of the 
upper respiratory tract are followed by immunity of very short duration 
^d s^ond attacks of these illnesses occur very frequently. They are 
infections of surface mucous membranes and the viruses reach the host 
cells directly by the uihalation of infected particles without being 
exposed to antibodies or virucidal mechanisms in the bloodstream. 
In^unity to influenza and the common cold is further limited by the 
existence of multiple immunological types of the viruses. An attack of 
influenza is, of course, followed by the development of specific anti- 
bodies, but these are of limited effectiveness in protecting the individuali 
partly because the next virus may be of a novel ant i ge nic type and 
partly because there is little opportunity for contact between virus and 
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antibody. It is possible that the small measure of immunity that does 
follow an attack of influenza is mediated by antibodies present in the 
nasal secretions. 

Although humoral antibodies arising after a viral disease are accepted 
as a very important factor in increasing the individuals’ resistance and 
in preventing a virus from reaching the host cells it must be remembered 
that other protective mechanisms also operate. One of these is the 
mechanism of hypersensitivity in which the host cells themselves are 
rendered resistant to invasion by the infecting virus. The importance 
of allergy in resistance to viral infections is not yet well understood but 
for furdier information the reader should consult Beveridge (1963). 


CLASSIFICATION OF THE VIRUSES OF 
VERTEBRATE HOSTS 

The extent of our knowledge is not yet sufficient to warrant the use 
of the Linnaean binomial nomenclature used for bacteria. It is, 
however, possible to group the viruses of vertebrate hosts according to 
some of their outstanding properties and to distinguish the individual 
members of the groups. There has been international agreement that 
the following criteria should be used in the classification (Andrewes, 
1963). 

1. Morphology, size, and methods of reproduction. 

2. Chemicai composition and physical properties. 

3. Immunological properties. 

4. Susceptibility to physical and chemical agents. 

5. Natural methods of transmission. 

6. Host, tissue and cell tropisms. 

7. Pathology and inclusion body formation. 

8. Symptomatology(deliberately placed last as of minor importance). 

Using these criteria, over 350 animal viruses have been placed in 
eight main groups most of which are divided into sub-sections of closely 
related species. In some cases the name of the group is followed by 
the sufEx ‘'virus” and a descriptive adjective is added. Such Latinised 
names are only applied to a few viruses and as yet they are but little 
used. 

Group I. — ^Pox viruses (about 20 types) 

(a) Varola-like viruses: 

Poxvirus variolae (smallpox virus) 

Poxvirus officittaUs (vaccinia virus) 

Poxvirus bovis (cow-pox virus) 

Poxvirus muris (ectroroelia virus) 

Poxvirus offnaM (rabbit-pox virus) 

Poxvirus simiae (monkey-pox virus) 
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(b) Pox viruses affecting ungulates: 

Contagious pustular dermatitis (orf) 

Papular stomatis (bovine) 

Horse pox Swine pox 

Goat pox Camel pox 

Sheep pox 

(c) Avian pox viruses: 

Poxvirus avium (fowl-pox virus) 

Pigeon-pox virus 
Canary-pox virus 

(d) Myxoma-like viruses: 

Rabbit m 5 rxoma virus Rabbit fibroma virus 

(e) Miscellaneous: 

Molluscum contagiosum virus 
Para-vaccinia virus (? milkers nodes) 

Group 2. — Myxoviruses (about 20 types) 

(а) True influenza viruses: 

Myxovirus influenzae A 
Myxovirus influenzae B 
Myxovirus influenza C 
Myxovirus pestis galli (fowl plague) 

Influenza virus A porci (swine influenza) 

Influenza virus A equi (horse influenza) 

Influenza virus A anatis (duck influenza) 

(б) Paramyxoviruses (multiform viruses): 

Myxovirus parotidis (mumps virus) 

Myxovirus multiforme (Newcastle virus) 

Myxovims para-influenzae 1 (sendai virus) 

Myxovirus para-influenzae 2 (croup associated virus) 
Myxovirus para-influenzae 3 (haemadsorption virus) 
Myxovirus para-influenzae 4 
Simian m3rxovirus (SV5). 

(c) Measles virus: 

Canine distemper virus 
Rinderpest virus 

(d) Avian tumour viruses: 

^e viruses of fowl lymphomatosis, myeloblastosis, erythro- 
blastosis, sarcomata and osteopetrosis 

Group 3.— Herpesviruses (about 35 types) 

(a) ^rpesvints hominum (herpes simplex virus) 

Herpesvims varicellae (varicella and zoster) 

Herpesvirus suis (pseudo-rabies virus) 

Herpesvirus simiae (virus B) 

Herpesvirus cunicuU (virus III) 
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{b) Cytomegaloviruses: 

Inclusion or salivary virus of man 
Inclusion virus of guinea-pigs 

(c) Avian viruses: 

Infectious laryngotracheitis (ILT) 

(d) Miscellaneous: 

Lumpy skin disease virus 
Infectious bovine rhino-tracheitis virus 

Group 4. — ^Adenoviruses (about 145 types) 

Human adenoviruses (at least 28 serotypes) 

Simian adenoviruses (at least 11 serot 3 rpe 8 ) 

Canine hepatitis virus 
Fowl strain (GAL) 

Mouse strain 

Group 5. — Reoviruses 

Human respiratory disease viruses (three serotypes) 

Group 6. — Arborviruses (about 150 types) 

(a) Group A: 

Equine encephalomyelitis viruses (Eastern, Western and 
Venezuelan) 

Semliki Forest virus 
Chikungunya virus 
Sindbis virus 

and eight other named viruses 

(b) Group B: 

Yellow fever virus 
Dengue (several serotypes) viruses 
St. L^uis encephalitis virus 
Japanese B encephalitis virus 
Murray valley fever virus 
Louping ill virus 

Russian tickbome encephalitis virus 
Kyasanur Forest Disease virus 
and at least 17 other named viruses 

(e) Group C: 

Marituba virus and five others all from the Amazon 

(d) Bunyamwera group and seven other viruses 

(e) Culicoides-bome viruses: 

African horse sickness viruses (seven or more sero^rpes) 

Blue tongue viruses (11 serot^^) 

(/) Small groups. 25 viruses fall into 9 groups and 13 odiers show 
no <dose relationship to any other arbor viruses (e.g. the two 
serotypes oi the sandfiy fever virus) 
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Group 7. — Picoma viruses {pico indicates very small and RNA the 
type of nucleic acid). About 100 types. 

These viruses include the large group formerly known as entero- 
viruses 

(а) Poliovirus hominis (three serotypes) 

{b) Poliovirus muris (mouse encephalomyelitis virus Theiler) 

(c) Coxsackie A viruses. 24 serotypes 

(б) Coxsackie B viruses. Six serotypes 
{e) ECHO viruses. 30 serotypes 

(/) Enteroviruses of 

cattle (ECBO) (at least 3 serotypes) 
swine (ECSO) (at least 5 serot^es) 
cats (ECCO) 

birds (ECAO) (several serotypes) \ 

(g) JH, 2060 (ECHO 28) cold viruses 
(A) Rhinoviruses 

(i) Teschen disease virus 

(j) Foot and mouth disease virus (five serotypes) 

(k) Encephalomyocarditis viruses 

EMC, COL SK, MENGO and other strains 
(/) Encephalomyelitis viruses of mice 
F.A. and G.D. VII strains 

Group 8. — Papova viruses 

This group contains the papilloma and polyoma viruses and a 
vacuolating agent of monkeys (Hence PA-PO~ VA) 

Papilloma (warts) in man 

Rabbit papilloma virus 

Papilloma viruses of cattle, goats, horses, dogs and other animals 

Vacuolating agent of monkeys (SV 40) 

Unclassified Viruses , — There exist a considerable number of viruses 
that as yet cannot be placed in the main groups. In particular the 
rabies virus seems to stand alone and the virus of benign l 5 rmphoc)rtic 
chorio-meningitis is difficult to place although it may be close to the 
viruses of hepatitis and pneumonia of mice. There is insufficient 
information available to place the viruses of human infectious hepatitis 
and homologous serum jaundice in any group although it may transpire 
that they belong to the picorna viruses. Similarly the respiratory 
syncytial vims lus not been studied sufficiently to decide whether on 
^count of its size and ether sensitivity it should be classified as a 
herpes virus or a myxovirus. 

For further information on animal viruses and their relationships 
to one another the reader should consult Andrewes (1964b). 




CHAPTER 6 

BACTERIAL GENETICS AND VARIATION 


Like other organisms, bacteria in general breed true and maintain their 
characters constant from generation to generation, yet at the same time 
show variations of particular characters in a small proportion of their 
progeny. Because of the great rapidity of bacterial reproduction, such 
variations are frequently encountered in the laboratory, even during 
relatively short periods of cultivation. ^ ,• 

The characters that a bacterium exhibits at a given time (i.k its 
phenotype) are determined both by its genetic constitution (genoype) 
and by environmental conditions which influence the contempc^ry 
expression of the genetic potentialities. The observed characters a 
pure growth are thus liable to two kinds of variation: (1) heritiible 
variation due to change in genetic constitution, e.g. by mutation, trahs- 
duction, lysogenic conversion, transfer of an episome, or genetic re- 
combination through cell conjugation, and (2) non-heritable variation 
due to change in the environmental conditions, i.e. environmentally 
impressed modifications and enzymic inductions and repressions. 

Bacteria reproduce by asexud binary fission, normally maintaining 
their genetic constitution unaltered through successive generations. 
The hereditary cell components that determine the inherited characters, 
are called "genes” ; they are thought to correspond to specific segments 
of a deox 3 rribonucleic acid (DNA) molecule in the bacterial nucleus. 
The bacterial cell contains a large number of different genes, probably 
over 1000. Each gene is capable of ensuring its own replication and 
also of directing the formation of a particular substance or enzyme which 
is responsible for some of the inherited characters. Duplication of the 
genes must precede cell division, and there must be a mechanism for 
ensuring that each daughter cell receives a complete and identical set. 
In the higher organisms, the genes are borne in fixed linear order along 
the thread-like chromosomes in the nucleus, and during mitotic cell 
division the latter are split longitudinally and segregated in two equal 
sets. Bacteria must have a comparable mechanism and this probably 
comprises a single linear or ring-like chromosome located in their 
DNA-containing nuclear bodies. 

Mutation. — Replication of the cell’s set of genes is usually an 
exact process. However, in a small proportion of cell divisions a 
mutation may occur, a gene accidentally being lost or altered. The 
mutant cell and its progeny then continue to reproduce with ffie new 
genetic constitution; correspondingly, they exhibit a sudden change 
of ch^acter which is heritable and, apart from the possibility of an 
occasion^ reverse mutation, permanent. Bacteria are thought to be 
haploid”, i.e. possessing only a single set of genes; the effect of a 
mutated gene is thus not masked by that of an umnutated partner, as 
may occur in the higher, diploid organisms. 

Spontaneous Mutations of unknown cause seem to be responsible 
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for most of the heritable variations observed in bacteria. Any gene is 
liable to undergo spontaneous mutation. The mutation rate of a given 
kind of gene in a given organism is fairly constant, but different genes 
show different rates, mos% between once per 10* and once per 10*® 
cells per generation. One large bacterial colony of about 10* cells, the 
product of a similar number of cell divisions, is thus liable to contain 
thousands of mutant cells of different kinds, including many cells 
changed in the more readily mutating genes and a few c^nged in the 
less readily mutating. 

The mutations t^t have been studied most thoroughly are ones in 
which the microorganism loses or gains the ability to synthesise an 
essential metabolite, e.g. a particular amino acid, and thus also the 
ability to grow in the absence of a supply of that substance as a nutrient 
component of the culture medium. Many organisms, e.g. Esck, coH, 
can grow on a simple defined culture medium that contains glucose as 
the sole source of carbon and energy, ammonium chloride as die sole 
source of nitrogen, and certain inorganic salts. They have this ability 
because they are genetically endowed with the power of forming aU 
the different enzymes that are needed to enable them synthesise from 
these simple nutrients each of the large variety of organic compounds 
required for the construction and functioning of their cells. Such 
organisms are termed prototrophic. Occasionally, prototrophic organ- 
isms undergo mutation to auxotrophic forms; ^ese can grow on the 
simple medium only if this is supplemented with a particular nutrient 
compound, e.g. a particular amino acid or vitamin. The specific 
nutritional requirement reflects the fact that the organism has lost the 
power of formii^ either the enz 3 rme immediately responsible for 
S 3 mthe 8 is of the required compound or else an enzyme responsible for 
synthesis of a precursor of the compound. Studies of mutations of this 
kind, e.g. those of Beadle and Tatum (Beadle 1945) with the fungus 
Neurospora crassa, have indicated that the formation of each specific 
enzyme is determined by the action of a different specific gene ; this is the 
‘ ‘one-enzyme, one-gene’ ’ hypothesis. A mutation destroying or restoring 
the activity of a particular gene exerts its specific effect on the phenotypic 
properties of the organism through the consequential loss or gain to the 
organism of the power of producing the corresponding enzyme. 

Other commonly observed mutations indude: (1) variaticm in 
fermentative ability, involving loss or gain of the power to ferment a 
given substrate (e.g. as occurs in the “late” fermentation of lactose by 
£rdb. coti mutabiUs and Sh. somei after 2-8 days’ incubation in a lactose- 
con taining medium); (2) drug resistance variation, i.e. the acquisitum 
of increased resistance to the antibacterial action of sulphonamide, 
penidllin, streptomydn or other drug; (3) loss of the capacity to form 
capsules, usut^y with associated loss of virulence, antigenic ^pe 
specificity and mucoid colony character (e.g. in Diplococcm pneumot ^) ; 
(4) loss of the capadty to form the O somatic antigoi, with associated 
loss virulence, type specifidty and smooth cokmy texture (e.f . m 
in the smod^-tq-rough, or S-R, variation in salmonelhe; (5) loss of 
the capadty to form flagella with associated loss of nm^ty in 
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aalmonellae); (6) exaltation or attenuation of virulence (e.g. as in the 
origin of attenuated living vaccines); (7) loss of sensitivity to a particular 
bacteriophage or colicine; and (8) acquisition of resistance to toxk 
waste products accumulating in artificial cultures {e.g. the variation of 
Br. abortus to R-t 3 rpe cells having an increased resistance to the in- 
hibitory metabolite, D-alanine, which accumulates in cultures with 
DL-asparagine as nitrogen source). Many character changes result in 
an associated change of colonial morphology, as in size, pigmentation 
and texture. Mutants arising in a growing colony may therefore form 
visibly distinctive sectors or papillae in the colony. 

Phase Variation. — Some heritable variations are readily reversible 
and occur with relatively high frequency in either direction [e.g. once 
per 1000 cell divisions). The variation of certain Gram-negative bacilli 
between a fimbriate and a non-fimbriate phase, and the phas^ariation 
of flagellar antigens in Salmonella are of this kind. It has been suggested 
that their mechanism differs from that of true gene mutation. \ 

Induced Mutations and Mutagenic Agents . — ^The rate of almW any 
mutation may be increased greatly, e.g. 10-100,000 fold, by exposure 
of the resting or dividing cells to X-rays, ultraviolet radiation, nitrogen 
mustard, peroxides, acriflavine, nitrous oxide, ethyl methane sulphonate, 
manganous chloride and certain other substances. The induced muta- 


tions are undirected, the nature of the new character not being deter- 
mined by the nature of the mutagenic agent. 

Environmental Selection of Mutants.— The rate of most muta- 
tions is so low that the small proportion of mutant cells ori ginatin g in 
a culture usually remains undetected and does not alter the gross 
characters of the culture. Indeed, most kinds of mutation are harmful 
or lethal, and these cells die out. Only those mutants are detected 
whose altered genetic constitution fits them better than the parent 
strain for growth and survival under the concurrent cultural conditions. 
Such mutante increase in number relative to the parent-type cells until 
they predominate in the culture and so make the new character manifest. 
In nature, mutation and environmental selection have probably been 
the ix^in me^s effecting the evolution and differentiation of bacterial 
varieties specially adapted to life in the different habitats. 

Many conditions may be selective for a mutant. (1) A given culture 
memum favours those mutants that can utilise its constituents more 
rapidly or completely than the parent-type cells. When they originate 
m a growing colony, such mutants may form distinctive “sMkmdary 
colomes , or papillae”, due to their greater growth {e.g. the lactose- 
fermentmg mutants of Esch. coU mutabilis and Sh. sotam on a lactose 
medium). A mutant that has gained the ability to synthesise for itself 
an CTsential growth factor is selected absolutely by cultivation in a 
8^ e ic medium that lacks that factor and so cannot support growth 

in ^ lethal or growth-inhibiting condition 

18 mghly selertive for mutants having increased resistance to that 

antibiotic, bacteriophage or toxic 
of motabolijm. Thin, cultiwtion on mSrieM 
g cptomycm will give a growth of atreptomycin^retfist^^ 
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mutants without growth of the sensitive parent-type cells. (3) Repeated 
passage of a pathogenic bacterium through animals of a given species is 
selective for mutants that have an increased ability to survive and 
multiply in this species, and thus are exalted in virulence. Repeated 
passage in another species is selective of mutants that are better fitted 
for survival and growth in this second species, and thus are oftoi 
attenuated in virulence for the former host species. 

(4) When a bacterium is cultivated in the laboratory, the nutritional 
and other conditions of growth are likely to be very different from 
those of the natural habitat to which it is specifically a^pted. For this 
reason, in a culture, mutations can commonly occur tl»t give rise to 
mutant organisms better suited for growth under the conditions of the 
artificial culture than the parent, “wild-type” organism. On continued 
subcultivation such mutants are liable to outgrow and replace the parent 
form. For example, pathogenic bacteria manufacture substances such 
as capsules, aggressins and toxins, that enable them to survive and 
overcome the action of the body’s defence mechanisms, e.g. phago- 
cytosis. In artificial culture media they are not exposed to these defence 
mechanisms, so that mutants lacking the ability to form the aggressive 
substance are not at a disadvantage and indeed may benefit from being 
relieved of the nutritional burden of synthesisii^ the substance. Thus, 
non-capsulate mutants of pathogens such as the pneumococcus and the 
anthrax bacillus commonly replace the parent capsulate form during 
repeated subcultivation in the laboratory. (It should be noted that in 
addition to being capable of undergoing this mutation to a heritably 
non-capsulate form, the anthrax bacillus is also capable of undergoing 
an environmentally induced non-heritable change to a form without 
capsules; it does this when grown on medium devoid of serum or 
added bicarbonate, and the bacilli form capsules again when returned 
to a serum medium.) 

Avoidance of mutations in laboratory work. — ^When a bacterial strain 
is being maintained in the laboratory for reference or other purposes 
for which its properties must be kept unchanged, attention should be 
paid to avoiding the emergence and outgrow^ of mutants. (1) This 
is best done by freeze-drying a pure culture obtained as soon as 
possible after the first isolation of the strain. The organism is pre- 
served in a dormant state tn vacuo and thus kept in its original g^etic 
form for as long a time as required. (2) If moist cultures are to be 
kept, they should be grown on a maintenance medium, e.g. Dorset’s egg 
for enterobacteria and cooked meat broffi for sporing Anaerobic baciUt. 
This ensures prolonged survival at room or refrigerator tempmture, 
e.g. for several years, and so obviates the need for repeated subculture. 
(3) When repeated subculture cannot be avoided, it should not be done 
by mass subinoculation, which may allow progressive multiplicatitm 
of mutants in the successive cultures, but by plating out on each occasion 
and inoculating the subculture from a single t3i^ical colony. The 
rationale of ♦bin procedure is the assumptimi that in tlw course Of any 
one subculture the ou^rowth of mutants will not be sufficiently 
advanced to make it likely for a colony of a mutant to be picked. 



92 MEDICAL MICROBIOLOGY 

Since environmental selection is normally essential for the detection 
of mutants, it is sometimes suggested that the pertinent environmental 
is required to induce the variation or direct its character. 
However, it can be shown that these mutations are undirected and occur 
spontaneously in the absence of the environmental condition that is 
subsequently selective; e.g. streptomycin-resistant mutants originate 
as readily in the absence of streptomycin as in its presence, although 
they only emerge as dominant in the latter case. 

Other Mechanisms of Heritable Variation. — Less common 
mechanisms are transformation by free DNA, transduction by bacterio- 
phage, lysogenic conversion, episome transfer, and recombiiution by 
cell conjugation. In these cases, a directed change is produced in the 
genotype of a susceptible strain through receipt of genetic material 
derived from a donor strain possessing the character to be acquired. 
So far, each of the mechanisms has been demonstrated in only a few 
kinds of bacteria and the extent to which each is important \jn the 
production of variations in natural environments is unknown. ' 

Transformation by free DNA. — Free soluble deoxyribonucleic acid 
derived from a suitable donor strain has been found capable of trans- 
forming the nature of the capsular antigen, the degree of drug-sensi- 
tivity and other characters in strains of D. pneumoniae, H. influenzae, 
B. subtiUs and other species. The DNA acts as a gene, or collection of 
genes, and enters the recipient bacterium, becoming by recombination 
incorporated in its nucleus and thereafter reproducing in step with cell 
multiplication. In the t 3 q>e transformation of the pneumococcus, cells of 
one antigenic type, e.g. t^e 2, are changed into another antigenic type, 
e.g. type 3 or 6. Capsulate, or “S’'-form cells of type 2 are first allowed 
to undergo spontaneous mutation to a non-capsulate “R”-form that 
lacks type specificity and does not revert spontaneously to the S-form. 
A small proportion of the R cells are then transformed to S cells of a 
chosen t 3 q»e \e.g. t 3 rpe 3 or 6) by mixture with the transforming substance 
derived from donor S cells of that type. The latter is supplied as heat- 
killed S cells, cell-free extracts of the S culture, or purified DNA 
obtained from the S cells. The few cells transformed to encapsulation 
are detected either by selective culture of the DNA/R-cell mixture m 
broth with anti-R antibody or by inoculation of the mixture sub- 
cutmeously into mice, where the R cells are destroyed by phagoc 3 rt 08 is 
while the S cells multiply and produce septicaemia. 

Pkage-mediated Transduction. — ^This is a heritable change effected 
through the agency of a temperate bacteriophage. The transducing 
grae, or group of genes, is derived from a donor bacterial culture that 
eimer is lysogenic {i.e. carrying phage) or else has been infected with 
phage ; it leaves the donor bacterium in a liberated phage particle that 
hM acddentaUy incorporated it, and enters the recipient bacterium 
when this is infected by the phage. The recipient cell may by recom- 
Diction exchwge the transduced gene for its own corresponduig gene, 
elimmating the latter. Single antigenic, nutritional, fermentative or 
orug-resistanw pri^rties may thus be transduced between different 
sabnoneUae (e.g. S. typhi may acquire the flagellar antigen of 
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S. tyjMmurium), Sh^ella, Escherichia coli. Staphylococcus aureus vaA 
other organisms. Usually only a very small proportion {e.g. 1 in lO*) of 
the phage-treated cells acquire any particular cbiracter by transduc^on 
and only a very small proportion {e.g. 1 in 10*) of the phage particles 
derived from the donor bacteria carry a transducing gene and are able 
to transmit the character. 

The type of transduction just described, and the commonest type, 
is called generalised, or non-specific transduction, because any of a wide 
variety of characters may be transmitted by a particular phage. A 
different kind of transduction, termed limited or specific transduction is 
produced by the l amb da (A) phage of Escherichia coli strain K12. The 
A phage is incapable of transducing any genetic character of the donor 
bacterium other than that of the power of fermenting galactose. When 
in its prophage state the A phage is attached to the bacterial chromosome 
adjacent to the genetic loci controlling galactose fermentation, and when 
the lysogenic donor bacteria are induced, as by ultraviolet irradiation, 
to form and liberate infectious phage particles, a small proportion 
[c. 1 in 10*) of these particles incorporate a fragment of bacterial 
chromosome containing the galactose loci in exchange for part (c. a 
quarter) of the phage genetic material. 

Lysogenic Conversion. — A temperate bacteriophage may confer 
certain properties on its bacterial host by virtue of the presence ^d 
activity of its own {i.e. phage) genetic material. When a susceptible 
bacterial culture is infected with the phage, the new properties are 
acquired by every bacterial cell that becomes lysogenised, i.e. contracts 
stable heritable phage infection. They are retained by Ae bacterium 
and all its progeny for as long as these remain l 3 rsogenic, i.e, parasitised 
by the phage in the prophage state. The prophage reproduces in 
association with the bacterial chromosome and acts as if it were a group 
of bacterial genes. If the prophage is lost from the bacterium {e.g. by 
mutation) and the lysogenic state is thus ended, the acquired properties 

are also lost. , • 

When a bacterium becomes l)rsogcnised it normally acquires two 
new heritable properties: (1) an immunity to lytic infection by me 
corresponding infectious phage, and (2) the potentiality of givi^ riw 
to infectious phage when it is induced artificially or spontaneously. In 
addition to these properties, special properties are corffera^ by rart^ 
kinds of phages. Thus a non-virulent strain of the diphthena bacillus 
may acquire toxigenicity, i.e. the power of producing the toidn ^|»n8- 
iblc for virulence, by infection and lysogenisation with the p ph^ 
derived from a virulent strain. Again, some salmonella o^nisms are 
convertwi by lysogeny with certain phages to produce a different tod 
of surface antigen: e.g. salmonellae having the 0 antigens 3. 10 produa 
instead the O antigens 3, 15 when they are lysogeni^ mth phage «15, 
and the O antigen 34 when further lysogenised with ptoge j34; 
similarly, aalmonelke with O antigens 2, 12, or 4, 5,1^ or 9, 12 produce 
additionally the O antigen 1 when lysogenised witt phage i. 

by CeB Conjugatten.— A form <rf ream- 
bination i^embling in some respects that trf sexual leproductMm has 
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been found to occur rarely in certain strains of some bacterial species, 
e.g. Esch. coH. It requires contact and conjugation between living 
parent cells of suitable mating types, at least one of which must possess 
a fertility factor, e.g. the F factor (see below). The recombination 
cannot be induced in one parent by cell-free extracts of the other. 
Apparently, the donor cell (either F-f- or Hfr, see below) and the 
recipient cell (commonly F— ) become attached to one another, and 
part of the chromosome of the former is transferred into the latter. 
Chromosomal cross-over may then occur in the diploid or partly diploid 
zygote and a process of segregation finally yields a haploid daughter 
cell with a genetic constitution derived partly from each parent. Re- 
combination by cell conjugation has also been observed between Esch. 
coH organisms as donors and salmonella and shigella organisms as 
recipients. 

Transfer of Episonaes. — An episome is a genetic element that 
determines the possession of a dispensable property in bacteria smd that 
is additional to, and can be reproduced and transmitted independently 
of the genetic material of the bacterial chromosome. A bacterium may 
lose the episome irreversibly by mutation and may acquire it only by 
conjugation or transduction from another bacterium that already har- 
bours it. The episome may occur in one or other of, and alternate 
between two states; (1) an autonomous state, in which it is located in 
the cytoplasm of the bacterium and replicates independently of the 
chromosome, and (2) an integrated state, in which it is located bn the 
chromosome and is reproduced only pari passu with the chromosome. 
Examples of episomes are the fertility factor, F, of Esch. coli, colicino- 
genic factors and, probably, resistance transfer factors. 

The fertility factor, F, confers on Esch. coli organisms the property 
of “maleness”, or donor ability in conjugation (see above). Cells 
designated F + carry the F factor in the autonomous form. They have 
the power of conjugating readily and frequently with F — cells, i.e. cells 
lacking the F factor, and can within a short time convert a majority of 
them to the F + state by “infecting” them with the F factor. F + donor 
cultures, although giving a high frequency of conjugation with F- 
cultures, give rise to only a very small proportion of genetic recom- 
binants, e.g. 1 in 10®. 

Cells designated Hfr (“high frequency of recombination”) carry the 
F factor in the integrated form, i.e. attached to the chromosome. They 
not only conju^te with F— cells at high frequency, but also produce 
genetic recombinants at high frequency, e.g. 1 in 100 cells. They differ 
from F+ cells in being unable to transmit the F factor by infection 
into F— conjugant cells. F + cells occasionally mutate to the Hfr form 
and Hfr cells to the F+ form. 

Colicinogenic factors are the genetic elements that confer on entero- 
bac^ria the power of producing the protein antibiotic substances called 
colicines. ^ Like the F factor, some colicinogenic factors spread readily 
by infection” in the courw of cell conjugation, i.e. from colicinogenic 
(col+) ^cteria to non-colicinogenic (col—) bacteria. In salmonellae, 
cell conjugation is promoted by the presence of certain colicinogenic 
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factors in one of two organisms in a mixture, and this may lea4 to 
chromosome transfer and genetic recombination. 

Resistance tranter factors. — ^The power of resisting the anti- 
bacterial action of antibiotic drugs has in a few cases been shown to be 
transmissible by infection through cell contact between different strains 
of Shigella flexneri. Salmonella typhimurium and Esck. coU. The genes, 
or resistance factors, that confer resistance to the different drugs, are 
carried together on an element called the resistance transfer ffictor; 
this behaves like an episome and is passed from resistant to sensitive 
cells within a very short time {e.g. within a few minutes) of cell contact. 

Non-Heritable Variation. — The influence of environmental condi- 
tions may directly modify morphologic, metabolic and other properties 
without involving a change of genetic constitution. Such mo^cations 
of phenot 3 rpe are temporary and non-heritable. All the exposed cells 
of identical genotype and responsive physiological state are affected 
simultaneoudy. They maintain their altered c^racter as long as they 
are exposed to the inducing condition, but on withdrawal of this influence 
rapidly revert to their original state, e.g. within a few hours or within 
1-10 generations of grov^. Examples of such environmentally im- 
pressed modifications include: (1) the suppression of flagellation and 
motility in Salmonella during cultivation on agar containing 0*1 per cent, 
phenol; (2) the development of pleomorphic involution cells during 
growth in unfavourable conditions, e.g. in P. pestis cultures on medium 
containing 3 per cent, of sodium chloride; (3) the increased formation 
of capsular polysaccharide during growth on media with a relative 
excess of utilisable carbohydrate (e.g. in Klebsiella); and (4) the feilure 
of capsule formation in B. anthracis when cultures are grown in the 
absence of serum or bicarbonate. 

Enzymic inductions are a special form of non-heritable variation, and 
a common and important mechanism enabling bacteria to exploit fully 
the different nutrients that they successively encounter. Many 
enzymes, termed “inducible” or “adaptive”, are formed in significant 
amount only when growth takes place in the presence of their specific 
substrate, which thus acts as their inducer. The enzymic activity is 
not exhibited by a washed suspension of non-growing bacteria ti^n 
from a medium lacking this substrate. When such unadapted ceUs are 
grown in the presence of the substrate, they produce the enzyme after 
a brief interval, e.g. begiiming its production in less than 1 min. 
Examples of inducible enz 3 rme 8 include those fermenting various 
carbohydrates in Esch. coU and other species; the enzymes, ot permeases, 
responsible for the uptake of specific nutrients, including carbohydrates, 
from the environment; and penicillinase in B. cereus. Evidence 
obtained in the study of the inducible /3-galactosidase of Esch. eoU 
suggests that the enzyme’s substrate and inducer (e.g. lactose) exerts 
its effect by interfering with a normally present repressor substance that 
otherwise acts on ^e genetic material of the iWiterium, preventing 
synthesis of the enzyme. 

Enasyme tepressim,—TYi& amount of the formation of enzyn^ 
engaged in ffie synthesis of intermediate metabolites, such w amino 
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acids, is regulated by the mechanism of repression. When a sufficiency 
of the metabolite accumulates within the cell, whether as a result of its 
synthesis intracellularly or of its uptake as a nutrient from the environ- 
ment, the metabolite represses the further manufacture of the enz3rme8 
specifically responsible for its synthesis. The mechanisms of induction 
and repression ensure that the bacterium docs not waste energy and 
nutrients in producing uimecessary enzymes. 

Drug Resistance Variation 

Variations conferring on bacteria an increased resistaiKC to the 
action of chemotherapeutic and antibiotic drugs are of great importance 
in medicine because they may lead to failure in the drug merapy of 
infections. Failure of therapy may, however, be due to a wriety of 
causes, e.g. (1) incorrect identification of the causative pathpgen, (2) 
failure of the antibiotic to penetrate in adequate amounts ^mto the 
lesion, (3) protection of a dnig-sensitive pathogen, e.g. a pAiicillin- 
sensitive Strept. pyogenes, as a result of simultaneous infection with a 
drug-destroying bacterium, e.g. a penicillinase-producing Staph, aureus, 
and (4) secondary infection from an exogenous or endogenous source 
with a different, drug-resistant organism, e.g. Staph, aureus or Ps. 
pyocyanea from the hospital environment, or commensal Candida 
albicans from the intestine. Most commonly, however, failure is due 
to (5) the emergence, during treatment, of a drug-resistant variarit of the 
originally sensitive, infecting organism, or (6) primary infection with a 
drug-resistant variety of a species of organism that is generally suscep- 
tible to the drug used. 

Occurrence of Drug Resistance Variation in Bacteria in 
Patients under Treatment. — Drug-resistance variation, generally by 
spontaneous genetic mutation, may take place in a dnig-sensitive 
bacterium while it is growing in the body of the patient before or during 
treatment with the drug. This occurs commonly, for example, in 
tubercle bacilli during therapy with streptomycin, isoniazid or para- 
aminosalicylic acid and in almost any kind of bacterium during therapy 
with streptomycin, and it sometimes occurs in Staph, aureus during 
therapy with erythromycin or novobiocin. After a favourable initial 
response to the drug, associated with destruction of the sensitive parent- 
type organisms, the infection relapses due to the proliferation of the 
drug-resistant mutant cells. The number of viable organisms in die 
lesion and exudate {e.g. sputum or urine) thus shows a “fall and rise" 
fluctuation. Evidence from a variety of genetical experiments suggests 
strongly that the majority of such instances of drug-resistance variation 
are due to spontaneous gene mutation. As a rule, a mutation confeis 
resistance to a single drug only, and a bacterium that becomes resistant 
to one drug remains sensitive to other unrelated drugs. Only a very 
small number of resistant mutant cells are originally produced, 

1 per 10*-10’ parent-type cells, but these mutants multiply selectively 
m the presence of die drug and soon outnumber and replace th* 
parent-type cells which are beiim destroyed by the drug. 
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In some kinds of infection the emergence of drug-resistant mutants 
may be prev^ted by double-drug therapy, i.e. treatment with two differ- 
ent drugs given simultaneously. Thus, the treatment of pulmonary 
tuberculosis with streptomycin and isoniazid in combination has been 
almost uniformly successful in cases of the disease in which the inlecting 
bacilli were initially fully sensitive to both drugs. The apparent reason 
for the success of double-drug therapy is that resistance to each drug 
requires mutation in a different gene and die chances of these two 
mutations occurring simultaneously in the same bacterial cell are 
infinitesimally small. (In general, the probability of a double mutation 
is equal to the product of the individual mutation rates of the two 
genes.) In tubercle baciUi, mutants resistant to streptomycin arise at 
the rate of about 1 per 10* parent-type cells and mutants to isoniazid 
at about the same rate. Such mutant cells, with resistance to a single 
single drug, are therefore likely to be already present before the start 
of therapy in all patients with clinical tuberculosis, except those, e.g. 

■ ildren with early primary infection or patients with tuberculous 
5 ningitis, in whom the total population of tubercle bacilli is very 
lall. The single-resistance mutants are likely all to be killed if the 
tient is given the two drugs simultaneously, the streptomycin- 
sistant celU being killed by the isoniazid and the isoniazid-resistant 
lls by the streptomycin. Cells resistant to both streptomycin and 
)niazid could be expected to arise only by the simultaneous occurrence 
the two different mutations and thus at the rate of only about 1 per 
|i* parent-type cells. Since the total bacterial population of the 
sions of a patient is probably usually less than 10“ it is very unlikely 
r even a single such “double mutant” to appear. 

In cases where a drug-sensitive pathogen is present in a part of the 
)dy, such as the throat or intestine, in which drug-resistant commensal 
icteria may be present, there is the possibility ^at it could acquire a 
ug-resistance character by the transf^er of genes from one of the latter 
ganisms. Transfer might take place by transformation, transduction 
' recombination, or by infection with a resistance transfer factor, 
vidence has been obtained that, in certain cases, pathogenic Sh. 

and 5. typkmuriutn organisms have, while in the intettine of 
trriers, acquired multiple drug resistance by infection vrith a resistance 
ansfer factor derived from commensal Esch. coK organisms. 

In the past, claims have been made that drug-resistance variatiim 
)mmonly arises as npl^siological adaptation in bacteria, the adaptation 
eing induced by contact with the drug in all the bacterid cells reposed 
> it. There is, however, no good evidence liuit adaptation u re^oas- 
>le for any instance of resistance variation observed to take place under 
iinical conditions. In special experiments Bacillus careus Im bem 
lown to acquhre resistance to penicillin m twfro by adaptivdy increashug 
^ production of &e penicili^-destroying enzyn^, penicUlinase. A 
rief contact with a small concentration of penicUlm was found to 
jimulate one strain of B. cereus to increase its fooductitm of peniciiBiaase 
bout 300-fold and so to become capable of in the preatmee of 
100-fold ^her concentration of peniciilin than it was or^inally 
0 



MEDICAL MICROBIOLOGY 


98 

(Pollock, 1957). Since induction is achieved within a very short time, e.g 
several minutes, after first exposure to the drug, bacteria that cat 
acquire resistance in this way will normally not be distinguished fron 
ones that are inherently and originally resistant. 

Infection of Patients with Strains already Drug-Resistant.- 
The patient may be infected originally, or become infected secondarih 
during the course of drug therapy, with a strain of a pathogenic bao 
terium that is already drug-resistant before being acquired from it! 
exogenous source. Such an organism may be a variant that has recently 
mutated to resistance in another patient receiving the drug, e.g. as ii 
cross-infection with streptomycin-resistant coliform and tubercle bacilli 
or it may be a variety of organism that is inherently resispnt and ha: 
existed in this form since before the time that the drug was first dis 
covered and used, e.g. penicUlinase-producing strains of Staph, aureus 

(Penicillin-sensitive strains of Staph, aureus undergo mutations n 
vitro that confer on them an increased tolerance of penicillin. Thesi 
penicillin-resistant mutants do not form penicillinase. They appear t( 
be non-virulent and mutants of this kind do not emerge in vivo or causi 
clinical infections. The “penicillin-resistant” strains of Staph, aurei 
that are found in clinical infections are all strains that produce peni 
cillinase and so destroy penicillin. Apart from the effect of theii 
penicillinase, they have no special power of resisting or tolerating th 
action of penicillin and, indeed, they are sensitive to, and destroyed bi 
the “penicillinase-resistant” penicillins such as methicillin and cloxa- 
cillin. Penicillin-sensitive staphylococci have never been found to giv( 
rise to mutants of this penicillinase-producing type and the penicillinase' 
producers are therefore considered to be an originally distinct variett 
of the staphylococcus.) 

Primary and secondary infection with already resistant variaii' 
strains and varieties of pathogenic organisms are especially likely ti 
occur in patients in hospital, e.g. in mothers and babies in matemit] 
hospitals. The presence together in a hospital of many patients whi 
have lesions capable of harbouring pathogenic organisms and who at 
subjected to treatment with antibiotic drugs, provides conditions tha 
selectively favour the proliferation and dissemination of virulen 
“hospital strains” of bacteria with multiple resistance to the antibiotic 
in common use. These multi-resistant organisms are distributed 
large numbers into the hospital environment and new patients are thi 
exposed to heavy infection with them. A further source of “hospit 
staphylococci” is provided by the medical, nursing and domestic 
the skin and nostrils of these persons are subject to frequent contami: 
tion with traces of spilt antibiotic, some in the form of airborne du: 
or aerosol, so that they become selectively favourable to the 
of drug-resistant strains of Staph, aureus (Gould, 1958 ). 

For general reading on the subject of microbial genetics, the bool 
of Hayes (1962, 1964), Hayes and Clowes (1960) and Jacobs w 
WoUman (1962) are recommended. A good discussion on soj^ 
problems of drug resistance in the treatment of patients in hospi^^ 
is given by Lowbury (1962). 




CHAPTER 7 


INFECTION AND RESISTANCE TO INFECTION 


Infection is the invasion of the tissues of the body by microorganisms. 
The animal body is continually exposed to contact with numerous 
microorganisms of many different species, including commensals 
which grow on its skin and mucous membranes, and saprophytes which 
grow in the soil and elsewhere. The blood and tissue fluids contain 
nutrients suflicient to sustain profuse growth of nuuiy of these species. : 
However, the normal (non-immunised) body possesses a series of 
defence mechanisms that enable it generally to resist microbial 
in'v^ion of its tissues and give it a natural intmunity or innate 
resistance towards most microorganisms. This resistance is a genetic 
endowment of an entire species with respect to a particular agent. 
The immunity is sometimes absolute, so that all individuals are entirely 
resis^t and in other instances relative and varying in degree between 
one individual and another. The native defence mechanisms are of 
tremendous importance to the daily welfare of the body. These 
mechanisms are non-specific in that each is operative against a variety 
of microbe species. They include mechanical barriers to the entry 
and spread of microbes, the antibiotic action of the normal commensal 
flora, nucrobicidal substances present in the body fluids and secretions, 
microbicidal substances liberated from tissue cells damaged by the 
infective process, and phagoc}rtosis by microphages (polymorpho- 
nuclear leucocytes) and macrophages {e.g. fixed reticulo-endothelial 
cells and wandering monocytes). The defences do not need to be of 
an aggressive natore, that is, the host may simply fail to supply, for 
example, a sufficiently high oxygen tension in a particular organ or an 
essentid nutrient for a bacterium or an enzyme system required by a 
particular virus. 


Pathogenic microbes are specially adapted and endowed with 
mech^sms for overcoming the normal body defences in one or more 
ammal spates, and can thus invade the germ-free tissues and fluids, 
borne pathogens invade only the surface epitheUum, skin or mucous 
membrane, but many invade more deeply, spreading through the 
tissues and/or diMeminating by the lymphatic and blood streaiM. In 
TOme casra a pathogemc microbe can infect an entirely healthy indi- 
vidi^, whilst m other cases infection occurs only if the body defence 
dmnged by some locally or syLnically debiUtattag 
intoxication, chilling, fatigue, malnutrition, 
^tmuon of corti^ne, adrenaUn. etc., aid vaSus predisposing 
^es and functional disorders. Certam organisms that are sapro- 

When an organism 
defences, the infection usuaUy 
progresses until specific immumty mechanisms become operative, for 
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example that involving the fonnation of humoral antibodies specific 
for the invading microbe or its poisonous products. 

NORMAL NON-SPECIFIC DEFENCE MECHANISMS 

Medianical Barriers. — ^The skin and mucous membranes are im- 
portant mechanical barriers to the entry of microbes into the tissues. 
The skin is the more resistant barrier because its outer homy layer 
hinders access of the microbes and their toxins to the living epithelial 
cells. Microbes are removed mechanically from the mucous membranes 
of the respiratory, alimentary and urinary tracts ; they are trapped in the 
sticky mucous secretion covering the membrane and this is regularly 
removed by ciliary action or by peristalsis and evacuation. Infection 
often follows a disorder of this function, as in the obstructed urinary 
tract or in a bronchus blocked by excessive mucus. Within the body, 
the spread of microbes may be limited by dense cellular or fibrous 
tissues, or by the gelatinous intercellular cement substance (hyaluronic 
acid) or by a meshwork of fibrin deposited in the infected tissues as 
part of their inflammatory reaction. 

Antagonism of Indigenous Flora. — The antibiotic activity of the 
normal commensal flora of the mucous membranes may be important 
in denying access of potentially pathogenic organisms. Thus, the 
salivary streptococci produce substances {e.g. hydrogen peroxide) that 
are lethal to the diphtheria bacillus and the meningococcus. During 
the childbearing period, the commensal Lactobacillus acidophilus 
(DSderlein's bacillus) ferments glycogen derived from the vaginal 
epithelium and produces a highly acid vaginal secretion which is 
inhibitory to many kinds of bacteria, including streptococci and 
staphylococci. When the normal commensal flora of the intestine, 
particularly the lactobacilli, is eliminated by oral administration of a 
broad-spectrum antibiotic drug, a serious infection may follow due to 
a drug-resistant Staph, aureus or Candida albicans previously excluded 
by the commensals. 

Bactericidal Substances. — It has been known for a long time 
that body fluids, especially the blood, can supress putrefaction. The 
responsible factors are even now often only vaguely characterised (see 
Skarnes & Watson, 1957). Microbicidd substances are normdly 
present in the body secretions, tissue fluids and blood serum. Lot^~ 
chain fatty acids, e.g. oleic acid, which are present in the slightly acid 
(pH 5-6) secretion of the skin, are lethal to many bacteria within an 
hour or two of their contact with the skin, e.g. Strept. pyogmes and 
C. diphtheriae; bacteria normally resident on the dun, e.g. Sta^. 
aureus and Staph. aUms, are better adapted to withstand the action of 
these acids. Lactenin is a protein present in milk {e.g. human, cow) 
which is selectively bactericidal for Strept. pyogenes and may thus pro- 
tect against puerperal mastitis and neonatal throat infection. The 
hydro^iloric add and low pH {e.g. 1-2) of the gastric juice is lethal to a 
uajority-of ingested microbes and serves as an important protectimi 
or the intestiim canal. 
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Lysozyme. — ^This mucol 3 rtic en 23 rme, first recognised by Fleming 
in 19^, occurs in various animals in the tissue and body fluids except 
the cerebrospinal fluid, aqueous humour, sweat and urine. Human tears 
contain a large amount, and egg white is a rich commercial source of 
the enzyme. This enzyme is a basic protein that splits sugars from the 
mucopeptide component of the bacterial ceU wall so that the cell contents 
leak out (Salton, 1957). Lysozyme acts most strongly on certain sapro- 
phjrtic Gram-positive bacteria, e.g. Micrococcus lysodeikticus and B. 
megaterium, though in certain conditions it may affect pathogens such as 
staphylococci and anthrax bacilli, and it accelerates the lysis of Gram- 
negative pathogenic bacteria under the action of antibody and comple- 
ment. The mucous secretions probably contain several other micro- 
bicidal substances besides lysoz 3 mie. A 

Basic Polypeptides. — variety of basic proteins, derived from 
tissue and blood cells damaged in ^e course of infection and inflam- 
mation, which can act upon the cell wall and cause bacillary disintegra- 
tion, have been described in the tissues and fluids of animals . This group 
includes polyamine derivatives of tissues called spermine and spermi- 
dine (Hirsch & Dubos, 1 952) which kill tubercle bacilli and Staph, aureus, 
and protamine and histone acting as antibacterial agents in inflammatory 
exudates. The basic proteins are probably the active constituent of the 
antibacterial substances derived from leucocytes and thus leukin and 
endolysin described by Metchnikoff probably owe their antibacterial 
activity to basic proteins. It may be noted that a group of highly 
effective antibiotics, including tyrothricin, gramicidin, bacitracin and 
the polymyxins are all polypeptides. 

Freperdin. — The anti-bacterial factors discussed above are in 
general active against Gram-positive bacteria and do not require for 
their activity a heat labile protein complex of serum called complement 
(p. 124). Pillemer and his co-workers in 1954 described a germicidal 
high molecular weight protein constituent of normal serum (0 02 per 
cent, of the total serum proteins) that was active against Gram- 
negative bacteria. This substance, called properdin, is thought not to 
be an antibody although it requires complement and ions for its 
activity. Properdin also participates in the destruction of protozoa, 
abnormd red cells and certain viruses. These diverse activities of the 
properdin system and its presence in normal serum suggest that it is 
Me of the factors responsible for natural resistance (Pillemer, 1956). 
There is however some doubt as to the identity of this substance as a 
smgle entity and some workers suggest that properdin represents a 
^oup of antibodies diat are heat-labile, high-molecular-weight gamma 


Anti-viral Substuces. — The nasal secretions and serum of normal 
persons have the ability to neutralise certain viruses, including those of 
mtiuenza A and B, vaccinia, mumps and Newcastle disease. These 
activitiM may be due to the diversion of the viruses from the suscept- 
ible wlls (haemagglutination inhibition see p. 74) and also to the effect 
on the ^8 of properdin and, in some instances, acid and alkaline 
p osp a e enzymes (perhaps because some viral constituent essential 
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for infectivity is active only in the phosphorylated form). The effect 
of interferon, an inhibitory agent released by virus infected cells is 
described on p. 75. 

The metabolism of the leucocytes and other cells in inflamed tissue can 
ultimately cause a local accumulation of lactic acid and carbon dioxide, 
and a depletion of oxygen, conditions that are unfavourable for the 
growth of bacteria such as the tubercle bacillus and Staph, aureus. 

Phagoc3rtosis. — The phagocytes are “eating cells’* which are 
specialised for the pursuit, capture, ingestion and intracellular destruc- 
tion of invading microbes (phagocytosis). Metchnikoff in 1905 first real- 
ised the importance of these cells in resistance to infective agents. They 
include the polymorphonuclear leucocytes and large mononuclear 
leucocytes of the blood (70 per cent, of the total '\^C, 3500-7000 
cells per cu. mm. in man) and the fixed macrophages of the reticulo- 
endothelial system {e.g. sinusoidal cells of spleen, liver, bone marrow 
and lymph nodes, adventitial cells of blood vessels and histiocytes of 
connective tissue). Polymorph leucoc)rtes and monocytes migrate from 
the blood vessels in inflamed tissues, apparently guided by diffusible 
factors from the irritant or the damaged tissue cells, and accumulate 
to attack the bacteria causing a local infection. The fixed macrophages 
of the reticulo-endothelial system are mainly responsible for eliminating 
bacteria from the blood and lymph. Most microorganisms attract 
polymorphonuclear leucocytes, as do the products of tissue injury. 
Phagocytes can most readily entrap bacteria when they are supported 
on a cellular or fibrous surface {surface phagocytosis)’, the deposition 
of a fibrin meshwork in inflamed tissue assists phagocytosis by pro- 
viding supporting surfaces. When the phagocytes are freely suspended 
in fluid, e.g. oedema fluid, the opsonic activity of antibody and comple- 
ment is generally required to make phagocytosis possible. It should 
be noted that the effect of opsonins (p. 125) seems to be in part related 
to the neutralisation of the strong electro-negative charge on the surface 
of many microorganisms. Thus any protein deposited on an organism 
will assist phagoc3rtosi8, antibody protein functioning particularly 
efficiently because of its specific affinity for the organism. 

Susceptible bacteria die and disintegrate within an hour or two after 
their ingestion, partly due to the secretion of acid (pH 3-5) in the 
vacuole surrounffing them and probably also due to the action of 
lysozyme and other digestive enzymes. Cohn and Hirsch (1960 a&b) 
showed that cytoplasnuc granules of polymorphs contained many 
enzymes (acid and alkaline phosphatases, ribonuclease and j3-glucuro- 
nidase) as well as a major part of the antibacterial protein, phagocytm, 
present in the pol3mxorph8. The granules of polymorphs spontaneously 
lyse following phagocytosis of bacteria, and phagocytin, and offier 
enzjmies are probably liberated into the vacuoles around the ingested 
bacteria. Phagocytin has an antibacterial effect on a wide rat^ of 
organisms, boffi Gram-positive and Gram-negative. 

The. strong bactericidal action of monocytes (macrophi^) is still 
unexplained,', since monocytes do not possess significant aimnints of 
phigocytin or Ipozyme. 
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Many pathogenic bacteria are able to survive and multiply inside 
the phagocyte, thus causing its death and lysis, and eventually escape 
from it (e.g. tubercle bacillus, brucellae and salmonellae). For general 
reference to phagocytosis see Rowley (1962) and for resistance mechw- 
iama in general see Symposium on Mechanisms of Non-specific Resist- 
ance to Infection (1960). 


ACQUIRED NON-SPECIFIC DEFENCE MECHANISMS 

The injection of endotoxin (p. 106) derived from Gram-nemtive 
bacteria is known to stimulate resistance of the host to infection with a 
wide range of antigenically unrelated microorganisms. A similar effect 
is also found after the injection of various mycobacteria and bruce^e. 

Numerous studies have shown that there is markedly inerted 
phagocytic activity of the reticulo-endothelial system following ^ch 
treatment although direct evidence of intensified intracellular mi^o- 
bicidal activity is lacking. It seems possible that this effect may involve 
both the synergistic effect of multiple humoral factors and cellular 
changes associated with parasitisation of the reticulo-endothelial s)rstem. 


THE INVASIVE MECHANISMS OF PATHOGENIC 
BACTERIA 

Bacteria that infect the animal body must have means of over- 
coming their host’s defence mechanisms, of protecting themselves 
against the bactericidal substances in the body fluids and of avoiding 
ingestion or intracellular destruction by phagocytes. Such protection 
is generally afforded by the special nature of their outermost covering, 
i.e. capsule, microcapsule or somatic antigens. If this covering is lost 
by gene mutation or enzymatic digestion, or becomes coated with anti- 
body and complement, the bacterium is rendered non-virulent. Thus, 
virulent pneumococci isolated from infected animals possess poly- 
saccharide capsules that render them relatively resistant to capture 
and ingestion by phagocytes; non-capsulate mutant strains derived 
by artificial culture in the laboratory are susceptible to phagocytosis 
and are non-virulent. Some pathogens, e.g. Strept. pyogenes and 
Staph, aureus, secrete leucocidins, i.e. phagocyte-destroying toxins, and 
wme, e.g. S. typhi, produce substances that inhibit the migration of 
leucocytes. The factors that enable certain pathogens such as the 
tubercle bacillus to survive and grow within phagoct^s have' not yet 
been defined. 

Whilst some pathogens normally enter the body through a wound, 
j *r require mechanisms for breaching the epithelial barriers 
and for assisting spread through the tissues. Thus, some species 
produce toxins that destroy the epithelial cells (e.g. C. dMuheriae), 
some produce a “spreading factor” such as hyaluronidase which dis- 
solves the hyaluronic-acid cement substance of tissues (e.g. Strept. 
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pyt^enes), and some produce a fibrinolysin which induces solution of 
the fibrin clots deposited as barriers to the spread of infection (e.g. 
Strept. pyogenes). Many pathogenic bacteria, especially when growing 
in the tissues, liberate diffusible substances (termed “aggressins”) which, 
though non-toxic by themselves, increase the aggressivenew of t^ 
bacteria. In some cases they may act by interfering with phagocytosis, 
opsonisation or bacteriolysis by normal or immune serum. Various 
non-pathogenic bacteria, however, may possess similar properties, and 
the existence of a specialised substance of this type is doubtful. 

Capsules and Pathogenici^. — The role of capsules in conferring 
virulence on bacteria by enabling them to resist destruction by the 
phagocytes and bactericidal substances in body fluids is demonstrated 
by making comparative observations on capsulate and non-capsulate 
bacteria derived from the same strain. In this way, evidence has been 
obtained that capsulation is important for virulence in the pneumo- 
coccus, streptococci of groups A and C, anthrax bacillus, plague 
bacillus, Klebsiella pneumoniae and Haemophilus influenzae. 

When a non-capsulate mutant bacterium or a decapsulated bacterium 
is injected into a laboratory animal that is highly susceptible to infection 
with the capsulate form, the non-capsulate form is found to be non- 
virulent or, at least, much reduced in degree of virulence. For instance, 
in experiments in which group C streptococci were injected intra- 
peritoneally in mice, decapsulation of the cocci by the simultaneous 
injection of hyaluronidase decreased their virulence to the extent that 
their minimum lethal dose (MLD), i.e. the number of cocci that had 
to be injected to cause fatal infection, was c. 10 , 000 -fold greater than 
that of the capsulate organisms. 

Differences in virulence between the capsulate and non-capsulate 
forms of bacteria appear to be due mainly to differences in ability to 
resist capture and ingestion by phagocytes. Microscopical examination 
of smears of peritoneal exudate from infected animals shows that the 
non-capsulate bacteria are rapidly phagocytosed and, within a few 
hours, are mostly destroyed, whereas ^e capsulate bacteria remain 
free and soon multiply and increase largely in number. Similar 
differences in susceptibility to phagoc3rto8is can be observed in vitro 
when capsulate and non-capsulate bacteria are added to normal blood 
and smears examined after the mixture has been incubated for hr. 
The removal of the microcapsular M protein from living group A 
streptococci by digestion with tiypsin has, for instance, been found to 
increase the susceptibility of the organisms to plu^oc]rtosis. 

In these cases the phagocytes and bacteria are suspended freely in 
fluid. If, however, they are present on certain kinds of solid suifuxs, 
e.g. on the waU of a lung alveolus or lymphatic vessel, or on a mass of 
fibrin, phagocytosis of capsulate organisms such as pneumococci (of 
types other than the heavily capsukte type 3 ) may take place £ai^ 
readily. This surfau ^tagocytosis occurs independently of the presence 
of specific opsonic anti^dies and normal serum q»onina. Wl^n 
capsulate bacteria are exposed to specific antibodies and these combiiw 
with and coat the surface of the capsule, phagocytes can then capture. 
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(p. 119). The mechanisms of action of the exotoxins is with few exc^>- 
tions unknown. The alpha toxin of Cl. welchU has been defined as 
a lecithinase, or lecithin^splitting enzyme, which apparently acts on 
the lecithin components in cell membranes, e.g. of red blood cells. 
The toxin of the diphtheria bacillus appears to be the isolated protein 
moiety of the bacterial C3rtochrome-6 enzyme and may act by interfering 
with synthesis of cytochrome b in the tissues of the host. 

Endotoxins are structural components of the bacterial cdl and are 
liberated only on death and disintegration of the cells. In the infected 
animal this occurs through phagocytosis and bacteriolysis by anti- 
microbial substances in the body fluids. Endotoxins are not found in 
bacteria-free supernatants of cultures, unless these have undergone 
autol 5 rsi 8 through ageing. In several species (e.g. of Salmonella, Shigella, 
Brucella and Neisseria), the endotoxin has been extracted with solvents 
(e.g. diethylene glycol) and identified as a polymolecular lipid-phospho- 
lipid-polysaccharide-protein complex; this may comprise 5-10 per 
cent, of the dry weight of the cells and corresponds to the O somatic 
antigen of the virulent “smooth-type” organisms. The toxic action 
may be demonstrated by injecting animals with such a culture extract 
or with killed whole cells. The endotoxins of different species all 
produce more or less similar symptoms, particularly pyrexia, diarrhoea, 
prostration and visceral haemorrhages. They also have important 
actions in the production of hypersensitivity reactions of the Shwartz- 
man type (see Chapter 8). Immunisation with endotoxins leads to the 
formation of antibodies that exert important antibacterial effects, e.g. 
bacteriolysis, but are incapable of neutralising the toxic action. Endo- 
toxins are more stable than exotoxins and can withstand a temperature 
of 100° C. 

In the course of an infective disease the tissues of the body at large 
may become hypersensitive to specific products of the infectii^ organ- 
ism. Such hypersensitiveness, or allergy, may contribute to the toxic 
manifestations of the disease, since microbial products that arc 
normally non-toxic may thus become highly toxic and irritant to the 
tissues. (See Chapter 8). 


VIRULENCE OF MICROORGANISMS 

Virulence is an important property of microorgamsms in rdatioi 
to their pathogenic action, and is defined as the capacity to invade th< 
tissues, multiply and prepuce toxic effects. It is estimated by thi 
mimmum lethal doK (MLD), t.e. the smallest dose of the organisn 
(number or we^ht of cells from a culture) that will kill a partkula 
species of anim^. As a result of the varying susceptibility of indi 
vidual animals to lukcteria and their toxins, it is often impossible to stat 
the exact minimum dose, and it is customary to refer to the aoereg 
lethal dose for a number oi individual animals (t.e. fihe LD50, os dbs 
giving a 50 per cent mortality) (see Chapter 52). It somt be note 
that virulence depends on two fectors that may be latg^ independoa 
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e tfip invasive power or aggressiveness, and the toxigenic 

™Swici^propertyo?theorgani,m. ■aus.AettTOusbadllu, 

“Sy torigenic b«t Ly »e.Uy aggt^ve: m contmt,^ pnOTmo- 
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S bacterial strain caLot be fuUy explained in terms of known toxins 
and invasive mechanisms; strains which possess the same known 
components may still vary greatly in viralenw. 

The virulence of an organism can be either exalted or attenu- 
ated’* artificially. Exaltation of virulence may be produced by passing 
the strain through a series of individual animals of the same species, 
inoculating the animals one from another in succession, i.e “pMS^ge*\ 
In this way a mutant strain is selected that has increased virulence 
for that particular species. Attenuation usually results when organisms 
are cultivated artificially for some time; thus, stock laboratory cultures 
are usually of low virulence, as compared with recently isolated strains. 
Similarly, passage through animals of a different species may select 
mutants having reduced virulence for the original host species. 

In many species a loss of virulence is correlated with a change of 
colony texture from smooth to rough and a corresponding loss of the 
O somatic antigens. This is the so-called S “>R mutation (p. 115). 


SOURCES OF INFECTION FOR MAN 

The epidemiology of an infective disease depends to an important 
extent on the nature and distribution of the sources of infection. The 
term source of infection applies to the normal growth habitats of the 
microbe, e.g. sites in the body of the human or animal host. Objects 
contaminated with live but non-growing microbes may act as, and 
should be called vehicles or reservoirs of infections not sources of in- 
fection. Human disease may be acquired from the following: 

(1) Patients. — Infections due to some microbial species are 
acquired mainly or exclusively from ill humans with active or manifest 
infection, e,g, pulmonary tuberculosis (human-type bacilli), leprosy, 
whooping-cough, syphilis, gonorrhoea, measles, smallpox, mumps and 
influenza. Some cases of the infection may be mild or atypical, and 
thus not recognised as a source of danger. 

(2) Healthy Carriers. — Many pathogenic species are able to 
produce in certain individuals a limited or subclinical infection that 
is insuflicient to cause the signs and symptoms of illness. Persons 
having such an inapparent infection are commonly capable of dis- 
seminating the causative microbes to other persons; they are then 
termed ‘‘carriers” and constitute an unsuspected and thus especially 
dangerous source of infection. Some infectious diseases are con- 
tracted from carriers as frequently or much more frequently than from 
patients, e,g, streptococcal, staphylococcal, pneumococcal and meningo- 
wccal infection^ diphtheria, typhoid fever, bacillary dysentery and 
WaS*"? f ‘ Convalescent carriers are persons in whom a limited, 
localised infection continues for a period of weeks, months or occasion- 
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ally years following clinical recovery from a manifest info:tion. Otk^ 
carriers suffer no more than subdinical infection from the time of first 
acquiring the pathogen; those who acquire it from a patient arc termed 
contact carriers and those who acquire it from another carrier are termed 
paradoxical carriers. If carriage persists for more tha" an arbitiaiy 
period of time, e.g. one year in the case of typhoid infection, the person 
is called a chronic carrier. 

(3) Infectito Anim^. — Some pathogens that are primarily 
parasites of a different animal species may in appropriate circumstances 
spread froin the infected animd to man and so cause human disease. 
Such infections are called zoonoses. Infections normally acquired from 
animab include bovine-t 3 q)e tuberculosis, salmonella food poisoning, 
bubonic plague, anthrax, brucellosis, leptospiral jaundice, rabies and 
psittacosis. In most such infections there is rarely any secondary 
spread from the patient to other persons; an exception is the man-to- 
man spread of pneumonic plague which may supervene on bubonic 
plague contracted by men from rodents. 

(4) Soil. — few infective diseases of man are caused by saprophjrtic 
microbes derived from the soil, vegetation and similar habitats, e.g. 
tetanus, gas gangrene, maduromycosis and sporotrichosis. 

(5) Endogenous. — In the above examples, the source of infection 
is described as exogenous, i.e. outwith the body of the person becoming 
infected. In contrast endogenous infection may occur in carriers of 
potentially pathogenic organisms when these previously harmless 
bacteria invade o&er surfaces or tissues in the carrier, e.g. Esch. coU 
derived from the bowel may cause infection in the urinary tract and 
Staph, aureus from the nostrils may cause a boil or infection of a wound. 
The endogenous source of infection is thus the site in the patient’s body 
[e.g. the colon or nostrils) where the organism grows harmlessly as a 
commensal. An infection that is commo^y endogenous, as for instance 
staphylococcal sepsis of skin and wounds, may in certain circumstances 
become transmissible, as in hospital where conditions may fiivour cross- 
infection between patients. Thus the cross-infected patients suffer 
exogenous infections. Patients with endogenous infections with organ- 
isms of low virulence, on the other hand, are not likely to infect othiers. 

MODES OF SPREAD OF INFECTION 

Some infections, e.g. respiratory and intestinal, can spread from host 
to host by a variety of mechanisms, whilst others, e.g. vmereal and 
arthropod-borne blood infections, are normally transmitted by a nngle 
mechs^m for which tiie parasite is spedally adapted. 

(1) Sequratosy InfectixMia. — causative mi<m>bes are mainly 
disseminated into ^e environment in masses of infected secretion, «.g. 
secretitm removed from the nose or mouth cm fitters, lurndkendiirf, 
cups, spoons, etc., m: expelled in spitting or blowing die nose; tiuy 
are also ^Mchar^ to a less ei^t in the droplet wpacf produced by 
sneering, cdiighing and meakmg, but hartUy at aU m niMtnri bieaiiu^g. 

Hatuli»rchiefs, clodu^, Ix^ding, floors, frimitore and houaeliold 
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articles (fomtes) become contaminated wth the ^retion and^y act 
as vehicL or riervoirs of infection. The secretion d^ md b^mes 
pulverised into dust. When dried in dust, most kmds of respiratory 
Microbes can remain alive for several ^ys. and some even for ^erd 
months if shielded from direct dayhght, e.g. tubercle and diphtheria 
bacilli, streptococci, staphylococci and smallpox wrus. Imection may 
therefore be passed to the recipient by contact, either (a) dirert rontect, 
1 e touching of bodies as in handshaking, kissing and contact of dot^g, 
or' (6) indirect, or mediate contact, involving an inani^te veMe of 
infection e g. eating utensils, door handles, towels, and other /onirfej; 
the recipient may finally transfer the microbes with his fingersi into 

his nose or mouth. . . , w 1 • 

Infection may be dust-bome and occur through inhalation ofi air- 
borne infected dust particles. Very large numbers of such parades 
are liberated into the air from the skin and dothing during nomal hoAy 
movements, from the dried parts of an infected handkerchief during 
its use, from bedclothes in bedmaking, from the floor when w^ed on 
or swept, and from furniture during dusting. The larger infected 
particles settle within a few minutes on the floor and other exposed 
surfaces, e.g. skin, clothing, wounds, surgical and medical supplies, but 
the smaller infected particles remain air-borne for up to one or 
hours and can be inMed into the recipient’s nose, throat, bronchi or 
lung alveoli. Air-bome infection is mainly a danger wiAin the room 
of its origin; spread to other rooms in the same building is usually 
slight, though it can occur if the ventilating or convectional air currents 
move in the appropriate direction. 

Droplet s^ay constitutes a third means of spread of respiratory 
infection. It is probably the least important, except perhaps in the case 
of the pathogens that are rapidly kiUed by drying, e.g. die meningo- 
coccus, whooping-cough bacillus and common cold virus. Sneezing, 
coughing, speaking and other forceful expiratory activities expel a 
spray of droplets derived almost exclusively from the saliva of the 
anterior mouA; this may be infected with snc^ numbers of pathogenic 
microbes from the nose, throat or lun^. Very many droplets are 
expelled, but only a few are infected. The large droplets (over 0-1 mm. 
diam.) fly forwards and downwards from the mouth to the distance of a 


few feet; they reach the floor within a few seconds, or bespatter the sur- 
faces of intervening persons and objects, but probably cannot be inhaled 
directly. The small droplets (under 0-1 mm.) evaporate immediately to 
become minute solid residues, or "droplet-rmcleT’ (mainly 1-10 p diam.), 
which remain air-bome like infected dust particles and may be inhaled 
into the nose, throat or lungs. It is thought that very few of the 
^oplet-nuclei are likely to be infected with pathogenic microbes, but 
it is possible that certain virus infections are commonly spread by 
droplet-nuclei, e,g. measles, chickenpox and dog distemper. 

(2) Sun, Wound and Burn Infections. — ^These superficial infK* 
tions may be acquired through contact with infected hands, clothing 
or oth» articles, through exposure to sedimentation of infected air- 
bome dust and through contamination by droplet spray. Padwgenic 
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streptococci and staphylococci derived from the respiratory tract are 
important causes of wound and bum infections. 

(3) Venereal Infections. — The venereal diseases are so>called 
because they are transmitted almost exclusively by sexual contact. An 
important reason for this limitation is that the causative organisms, 
e.g, Trep. pallidum and N. gonorrhoeae, are extremely susceptible to riie 
lethal effects of drying and the other conditions encountered on 
potential vehicles whereby infection might be transmitted less directly. 

(4) Alimentary Tract Infections. — Here, pathogmic microbes 
are ducharged in the faeces of infected persons and are transmitted in 
varioiis ways leading to their ingestion by the recipient. Most intestinal 
pathogens are poorly resistant to drying; they tend to die within a 
period of hours, though rarely may survive on cloth or in dust for 
several days. They are more likely to be spread by moist vehicles 
such as water or foods, in which they may survive for up to several 
weeks {e.g. typhoid, dysentery^and cholera organisms), (a) Water-borne 
infection occurs through excreta contaminating a supply of water, e.g. 
a river or well, which is used, without purffication, for drinking or 
culinary purposes. Purification of water is effected on a large scale by 
storage, filtration and chlorination. Small amounts may be treated by 
boiling or by addition of hypochlorite tablets, (b) Hartd Infection . — A 
carrier tends to contaminate his hands with minute traces of faeces and 
with bacteria that pass through toilet paper; nurses may infect their 
hands in attending patients and in touching bed-pans. Such persons may 
handle and contaminate foodstuffs, eating utensils and o^er vehicles 
of infection. A recipient may pick up the microbes on his fingers and 
thus transfer them into his mouth, (c) Food-borne infection may occur 
through a carrier handling the food, through preparation of the food in 
utensils infected by handling, or washing in iiffected water, and through 
flies alighting on the food after feeding on exposed infected faeces. 
Conditions enabling growth of the bacteria and the production of 
enterotoxins in the contaminated food, are prerequisites for "bacterial 
food-poisoning”, though not for “food-borne infection”. 

(5) Arthropod-borne Blood Infecdoiis. — In several systemic in- 
fections the causative microbes are abundantly present in the blood and 
are spread to other individuals by blood-sudcmg arthropods such as the 
mosquito (malaria, yellow fever), flea (plague), louse (epidemic typhus 
fever, European relapsing fever), tick (Roi^y Mountain spotted fever, 
West African relapsing fever), mite (scrub typhus) and tsetse fly 
(trypanosomiasis). The parasite is adapted to spread by its particular 
ardiropod vector and is rarely transmitted by other means. 

(6) Laboratory Infection. — Laboratory workers occasionally be- 
come infected from artificial cultures and foom infected diagnostic and 
necropsy materials from patients and experimental animals. Some 
organisms are especially luble to cause laboratory infections, e.g. the 
bruceUae, rickettsiae and Past, tularensis, whilst many odiers require 
special cate, e.g, rabercie bacillus, anthrax bacillus, freshly isoWd 
typhoid and dysentery l»cUli, pa^ogenic leptospirae and borndiae, 
and dto psittacosis virus. Espec^ danger attaches to the pipetting eff 
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infected liquids by mouth, leading to their accid^tal ® 

rubber teat or a mouth-piece with two cotton-wool fflters should alwa^ 
be used for pipetting cultures and exudates. Accidental 
tion with a syringe and spraying of the conjunctiva when the ne 
becomes loosened from the syringe during an injection may ^r. 
Many laboratory procedures atomise liquids and so 
the air with infected droplet-nuclei, e.g. the expulsion of liquid from a 
pipette or syringe, the shaking of liquid in an open vessel, the use o 
mechanical blenders, the centrifugation of tubes bearing “ 

liquid on their rim, and the breaking of liquid films m when a wetted 
stopper or a screw-cap is removed from a bottle or a drop is separated,; 
from an inoculating loop. When working with dangerous pathogens' 
such as the tubercle bacillus, it is recommended that all such pro- ,\ 
cedures be carried out within a specially ventilated “protective cabmet 
or “inoculation hood” (Williams & Lidwell, 1957). • i i r 

For further information on the spread of infections, particularly ot 
respiratory infections, see Williams (1960) and Williams et al (1960). 



CHAPTER 8 


ACQUIRED IMMUNITY 

In contrast to natural immunity or non-specific resistance discussed in 
Chapter 7, acquired immunity is specific in the sense that it protects 
against one particular pathogen or its toxic products. Acquired im- 
munity may depend on the presence and amount of specific globulin 
molecules or antibody in the blood elicited in response to the stimulus 
of a foreign protein or other large molecular substance which is called 
the antigen-, the antibody to diphtheria toxin is a ^ood example and this 
is known as humoral immunity. Or it may result from an enhanced 
capacity of particular cells or tissues to counteract infection, and this is 
called cellular immunity. Thus in typhoid fever and brucellosis the 
fever may go on for weeks or months despite a high content of humoral 
antibodies, and it is presumably the cellular response that eventually 
overcomes the clinical infection. This latter form of immunity is often 
associated with the state of microbial hypersensitivity (p. 130) as in 
tuberculosis. Immunity may be acquired wati/ra/fy or arft^oa/fy; and 
both forms of immunity may be acquired either actively, i.e. the anti- 
bodies are produced by the host’s tissues, or passively, i.e. the antibodies 
are supplied to the host ready made. Thus, an attack of measles gives 
immunity to further attacks and this is naturally acquired active im- 
munity. Most infants are immune to measles for the first 4-6 months 
of life, due to the placental transfer of antibodies from mother to foetus; 
this is an example of a naturally acquired passive immunity. Troops 
on active service are given two or more injections of tetanus toxoid 
(see p. 332) to protect them against the risk of tetanus; this is artificially 
acquired active immunity. Civilians are often given a dose of tetanus 
antitoxin following injury, and this is an example of artificially acquired 
passive immunity. Passive immunity is rapid in onset and immediate 
if the antiserum is given intravenously, and requiring only a few hours 
to reach adequate levels if given intramuscularly or subcutaneously. 
It has a short duration of a few weeks since, being a foreign protein, it 
is eliminated by the body. Active immunity takes time to develop but 
persists for months or years and, once acquired, is usually capable of 
restoration when it has dropped to a low level. 


ANTIGENS; BACTERIAL ANTIGENS 

Antigens are usually defined in relation to their capacity to elicit a 
specific immunological response when they gain access to the tissues 
of some animal species. The response is usually in the shape of the 
production of specific antibodies {q-v.) but in certain instances humoral 
antibody may not be demonstrable. Instead, the antigen, or some 
fraction of it, ■■ may. elicit a tissue response as in the hypwsensitivity 
reactions in tuberculosis: such an antigen may be call^ an aUergm. 

H 
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Again, a fraction of a microorganism may not itself be capable of 
eliciting an immunological response in the host but may combine 
specifically with antibody formed to the parent microorganism: the 
name hapten (to grasp) is applied to such substances and the capsular 
polysaccharide of the pneumococcus is often quoted as an example 
of a hapten although, in fact, this material is antigenic for some animal 
species, e,g, man and mouse, but not for others, e,g. rabbit. 

The first requirement for a molecule to be antigenic is that it 
contains surface chemical groupings which are unfamiliar or foreign 
to the antibody-producing cells of its new host. Obviously, many 
potentially antigenic substances are present in the body fluids — ^plasma 
proteins, cellular elements — ^which evoke no antibody response in th^e 
parent host but do so when they are injected into another animal species 
or even one of the same species as may happen with blood transfusion^ 
or tissue grafts. The second requirement is that the substance should 
have a molecular weight (MW) of not less than 5,000’-l 0,000 and* 
with certain limitations, the larger the molecule the better the antigen. 
However, certain small molecular chemical substances, such as anti- 
microbial drugs and even formaldehyde, may act as antigens by be- 
coming attached to host proteins and thus creating a large foreign 
molecule. In general, proteins such as the albumins and globulins 
make good antigens and, because of their complex make-up of many 
amino-acids, constitute an almost endless variety of antigenic substances. 
Polysaccharides are less efficient antigens and greater molecular weight 
is needed than in the case of proteins. However, they persist longer 
in the tissues because they are less readily digested by enzymes and 
this helps to maintain the antigenic stimulus for longer periods. This 
prolonged effect may also be obtained by the use of antigen adjuvants 
such as alum or water-in-oil emulsions (a modification of the Freund 
complete adjuvant, consisting of a suspension of mycobacteria — or 
fractions thereof — ^in a mineral oil): the adjuvant probably acts by 
creating a tissue depot of the injected material from which the antigen 
is slowly released. Lipids per se are not antigenic but a lipid, cardio- 
lipin, can act as a hapten in the complement-fixation test (q.v,)—or 
Wassermann reaction — ^used in the diagnosis of syphilis. 

Antigens have ordinarily a high degree of specificity in the sense 
that the responding serum-antibody reacts only with its own antigen. 
This antigenic specificity is related to chemical groupings, known as 
determinants, which are usually situated at or near the surface of the 
molecule. Highly specific antigens can be produced artificially by 
linking a determinant chemical substance, such as sulphanilic acid or 
picryl groups, to free amino-groups in the protein molecule. No doubt 
this land of conjugate explains why patients may develop sensitivity to 
certain drugs that become attached to the host’s proteins. 

Bacterial antigens 

The bacterial cell has a chemically complex structure and only the 
more superficial elements of the intact bacterium, such as cell wall, 
capsule, flagella, fimbriae, will act as antigens. Among motile bacterial 
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Species [e.g. typhoid bacillus) two different kinds of antigen, or agglutin- 
ogen (».«. antigen that stimulates agglutinin production) can be 
recognised: j^ellar (contained in the Amelia) and somatic (in the body 
of the organism). The flagellar antigen is usually designated by the 
symbol H and the somatic by 0. For these different types of antigen 
separate agglutinins are likewise produced, also designated H and 0, 
and the agglutinations that result from the interaction of these anti- 
gens and agglutinins are described by the same symbols. Differential 
testing of H and 0 agglutinins can be carried out by varying the con- 
dition of the bacterial suspension. For H agglutination, a flagellate 
strain of the particular organism must, of course, be used, and if the 
suspension is treated with formalin an almost pure H reaction is obtained, 
since formalin-fixed flagella interfere with 0 agglutination. Treatment 
of the suspension wi^ alcohol, on the other hand, removes and in- 
activates the H antigen and an alcoholised suspension is therefore a 
suitable reagent for testing 0 agglutination. Another method is to 
use a non-motile variant of the organism. The H and 0 antigens 
differ in thermostability: thus the H antigen is labile at 80M00° C., 
whereas the 0 antigen withstands 100° C. A bacterial suspension 
that has been kept at 100° C. for about 20 min. yields an almost pure 
0 agglutination. 

These aspects of antigenic structure are well illustrated by the 
salmonella group of bacteria (see Chapter 16 and Table p. 234). 

In the case of capsulated organisms, like the pneumococcus, where 
the capsular material is composed of complex polysaccharides of high 
molecular weight, antigenic specificity is determined by the chemical 
composition of the capsule which results in over 70 different pneumo- 
coccus serotypes. In the streptococcus family, a microcapsule of 
protein material similarly shows variation in its chemical make-up to 
give over 30 different serotypes. 

Fimbriae are antigenically distinct from the other surface antigens 
in the bacterial species with which they are associated; they can evoke 
antibodies which may cause confusion in the interpretation of a^lutina- 
tion reactions in clinical infections with the salmonella and shigella 
groups (see p. 245) 

S->R Variation.— In laboratory cultures of certain bacterial species, 
e.g. species ScdmoneUa and Shigella, two types of colony may be 
observed: (1) the normal smooth, round and transparent form— S 
{smooth) type, and (2) a rough, irregular and opaque— R (rm^A) form. 
The S type when suspended in 0-85 per cent, saline forms a stable 
suspension; the R type tends to auto-agglutinate, though it may remain 
itable in weaker saline solutions {e.g. 0-2 per cent). These ^es are 
intigenically different; thus, an antiserum for S may not agglutinate 
I, and an antiserum for R may not agglutinate S. 

The variation from S to R is associated with a change in the somatic 
ntigen, the variant antigen being desisted by the symbol 0 (or R); 
lie H antigen is usually unaltered. Among pathogenic bactena the 
' — ^R tn^ormation is frequNitly associated with loss of virulent 
loreover, whilst the antigen characteristic of the S type is often highly 
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Specific, the R antigen may exhibit characters conunon to other, though 
related, species. It should be noted that changes in the somatic 
antigens often change markedly the susceptibility of the organism to 
the action of bacteriophages. 

It has been shown that the typhoid bacillus and certain related 
organisms when freshly isolated possess an additional somatic antigen 
which is associated with virulence for the mouse. When the organism 
is continuously cultivated artificially and loses virulence this antigen 
is no longer present. It has been designated the Vi (virulence) antigen 
and can be detected by agglutination tests with an appropriate antiserum. 
It seems likely that various organisms possess analogous virulence 
antigens, and the capsular hapten of the pneumococcus has a somewlwt 
similar role. The coliform group of organisms also carry surface or K 
antigens which are subdivided into L, A and B antigens (p. 246). :\ 


THE NATURE AND PRODUCTION OF ANTIBODIES 

liselius showed that the plasma proteins are separable by electro- 
phoresis, i.e their mobility in an electric field, into four main con- 
stituents — albumin, alpha (a), beta ()3) and gamma (y) globulins. The 
gamma-globulin fraction contains most of the antibodies that are 
classed as polypeptides and shaped like a cigar. The main y-globulin 
antibody has a molecular weight around 160,000 and a sedimentation 
constant of 7S in the ultracentrifuge (75 y-globulin). There is also a 
macro-globulin antibody with molecular weight around 1,000,000 and a 
sedimentation coefficient of 19S (y^ M-globulin or M-globulin) and 
such antibodies as the somatic salmonella agglutinins, cold agglutinins 
auto-antibodies have the characteristics of this fraction. A 
third y-globulm with high carbohydrate content, called yj A-glMin 

have some antibody activities. Antibodies, 
of w^ch there may be many million molecules in every ml. of blood, 
may be classified as functional proteins like enzymes and hormones, in 
contrast with structural or storage proteins Hke keratin and collagen and 
egg-white. Ihese functional proteins must be synthesised by some 
production mechanism, and must act by adsorption on to their targets 
fb/nrS^?’ are good examples of functional proteins, and 

with^SfT‘°” mode of action of antibodies may have analogies 
I^mhSdTn enzymes are 

sJeaSly aTtac^ substrate which is then 

of antibodies may depend on the existence 

hi enzymes brmg about the exchange of amino acids 

a develooinp nolvn P^^***^® an antigen, by contact with 

give a induce a particular configuration to 

L stiL^s to^nt^°!! inducing substrate or antigen. Once 

r P«-o<loction has been given, there is a logar- 

nieanthatth?caDachvto™°“”*f°^ antibody in the blood, wWch must 
that the capacity to manufacture antibodies U a function, not only 
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of the cells originally stimulated, but also of their progeny. The pro- 
duction of antibody, say against the yellow fever virus, may go on for 
years after the original stimulus. This function could be accomplished 
by the production and genetic transfer of induced enzymes in a Tni>nn<»r 
analogous to the phenomenon that occurs in bacteria. 

The current view on the production of polypeptides is that they 
are built up from long chains of amino acids, linked together by enz 3 rme 
action, and held in a monomolecular layer against a fUm of ribonucleic 
acid (RNA) which is specially concerned with protein synthesis. There 
is presumably a template of RNA plus a protein organiser on which the 
new protein is built up, rather as in the formation of crystals. Only 
when the polypeptide chain is shed off from the template does it become 
folded up to assume the characteristic form of globulin or albumin 
particles. Globulin macromolecules have a half-life of about twenty 
days, so fresh globulin must be produced continuously. 

In explanation of the continuing production of antibodies, it has 
been postulated that the determinant group in the antigen persists 
in the tissues of the host for a long time after the introduction of the 
antigen, and repeatedly makes its imprint on the polypeptide chain so 
that antibody is produced in the process of folding up of the macro- 
molecule. It is true that some antigens, particularly polysaccharides, 
may persist in tissues for many months after inoculation, but most of 
them seem to disappear fairly quickly, so, unless they remain as un- 
detectable determinant fractions, this hypothesis would not fit the facts. 

The most recent theory on antibody production is based on clonal 
selection, where the unit is not a single cell but the clone — a family of 
cells that have multiplied asexually and so have identical genetic 
constitution. Clonal selection, which is accepted for bacteriri cells, 
has been applied by Burnet (1959) to mammalian cells to explain the 
facts of acquired immunity and other immunological phenomena (such 
as immune tolerance, delayed hypersensitivity and the somatic mutation 
theory of cancer). As regards antibody production, the basic conten- 
tion is that the capacity to produce specific globulins is a genetic 
attribute of the cell and that the effect of an antigen is simply to stimulate 
proliferation of the particular cells concerned with the production of 
the specific antibody (one of many thousands) which fits that particular 
antigen. One difficulty with this hypothesis is that more than one 
specific antibody may be produced by one clone of cells. 

Another unexplained phenomenon is that the foreign ant4;en is 
taken up by the reticulo-endothelial cells, but the antibodies are manu- 
factured mainly by the primitive plasma cells of the lymphoid system. 
This means that the stimulus to produce the antibo^es must be 
transferred from one species of cell to another, unless the phagocytic 
cells can change into antibody-producing cells. 

Specificity is one of the characteristic features of antibodies. In the 
case of some bacteria, all strains of the species may be antigenically alike, 
c.g. the whooping-cough bacillus, so that species-spec^c antibodies 
are produced.. Or there may be antigenic varieties within the species, 
e.g. the pneumococci, whidi creates subdivisions or sa-olagical types. 



MEDICAL MICROBIOLOGY 


118 

Thus, after an attack of lobar pneumonia due to pneumococcus type 1, 
antibodies specific to that type develop in the patient’s blood and give 
him resistance against further attacks by type 1 pneumococci but not 
against other pneumococcal types. This type-specific immunity is also 
seen in streptococcal infections, in influenza, and presumably in other 
infectious diseases where there are different antigenic types within the 
species of the infecting microorganism. 

The specificity of antibody depends on the chemical make-up of the 
corresponding antigen, e.g. in the case of the pneumococcus, the chem- 
ical composition of the capsular substance determines the type specificity. 
An organism usually contains more than one antigenic constituent, and 
for each of these a separate antibody is produced. When relat;^ 
bacterial species have certain antigenic constituents in common, ^ 
happens in the salmonella family, an antiserum for one of these speeds 
exhibits to a greater or less degree group action towards the others. ■ 

In some instances, the occurrence of antibodies may have no 
aetiological significance. In typhus fever a serum-antibody is demon- 
strable which is specific for a particular type of Proteus, though this 
org^ism has no aetiological relationship to the disease (Chapter 39). 
Antibodies like that present in typhus fever, which appear to be specific 
for an smtigen having no biological relationship to that constituting the 
immunising stimulus, are designated “heterophile". As originally 
shown by Forssrnan, guinea-pig tissues, and also those of certain other 
species, when injected into a rabbit bring about the production of a 
heterophile antibody which is haemolytic for sheep red corpuscles. 
This antibody is generally designated “Forssrnan antibody”. 


ACTIVE AND PASSIVE IMMUNITY 

The appearance of specific antibody in the blood about the time of 
clmi^ recovery, as in lobar pneumonia, the correlation between demon- 
strable antibody and clinical protection, as in diphtheria, and the 
experimental demonstration that antibodies can specifically neutralise 
me infecting pathogen, as in smallpox, are all findings that support the 
important of humoral immunity. It should be made clear, however, 
that artam specific antibodies which appear after a clinical infection 
may have no protective value. The whole bacterial cell, which is 

of wWch 

ThL nmtirtw““- ^ “ protection against infection. 

Jf tbTK • 1 ?*■ antigens are often present on the surface 

of £ nn? “ ’f 1" capaoJar polysaccharides 

mav^tu^w”'^””^® “ j streptococcus, but they 

may also be incorporated in the cell waU itself. On the other hand 

Sy Uttletr"! n?f badUus, seem’ 

to play tittle or no part as protective antigens. 

occurs natural infection with a pathogen 

within’a few da^to demonstrable in the blo<5 stn^ 

mthin a few days to a few weeks after onset. The time of appearance 
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and the concentration, or Htte^ of these antibodies depend on a number 
of variables including the nature of the pathogen, its distribution in the 
tissues, the incubation period of the disease and the responsiveness of 
the host. When immunity is induced artificially, the antibody response 
will depend on such factors as the nature and the amount of antigen 
used, the number and sites of injections and the rate at which antigen 
is dispersed from the site of injection. The time of appearance and 
amount of demonstrable antibody is best measured by following the 
response to injections of bacterial toxoids^ which are toxins detoxicated 
by treatment with weak formalin without losing their antigenic potency. 
The first injection of toxoid (or primary stimulus) elicits only a small 
amount of antitoxin after a latent period of about two weeks. A second 
injection (secondary stimulus) some weeks later elicits a much greater 
increase in antibody which reaches its peak about 10 days after the 
injection and gradually falls over a period of months or years. Thus, 
two or sometimes three injections of the antigen constitute the primary 
course, which, if properly performed with good antigens, confers sub- 
stantial immunity. When over a period of time immunity wanes as 
illustrated by a low level or absence of demonstrable antitoxin, a small 
booster or reinforcing dose will stimulate a rapid outpouring of antibody 
which reaches a high level and persists, as a rule, for several years (see 
Fig. 14). 
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Fio. 14 

Antit<»ciii titrcs in the serum of subjects receiving either (a) two 
doses bf toxoid or (Jb) two dofes plus s third dose shout one 
year after first injection. 
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In bacterial and viral diseases where the infection is not due pre- 
dominantly to powerful exotoxins, killed suspensions of the micro- 
organism or living attenuated cultures may be used to produce artificial 
active immunisation and these prophylactic agents are called vaccines. 
In the case of killed vaccmes, suspensions of the organism in its virulent 
phase are inactivated by heat at a temperature around 55°-60° C. or 
by antiseptics such as formalin, phenol, alcohol, etc., care being taken 
not to destroy or denature any possibly importpt antigens by over- 
heating or by too strong concentrations of the antiseptic. Two or more 
injections of the inactivated vaccine are given, preferably at 4-week or 
longer intervals; examples are the vaccines against typhoid fever, 
whooping-cough and poliomyelitis. Sometimes, a purified bactcr^ 
fraction, e.g. pneumococcus polysaccharide derived from the capsule, 
can be used as the immunising agent. ii 

Living attenuated bacterial and viral vaccines have been used 
principally when killed vaccines have proved ineffective. A modified 
form of the smallpox virus has been used for many years to produce 
a localised infection, vaccinia, which immunises against smallpox. A 
living non-virulent culture of the tubercle bacillus, BCG vaccine, is 
used to give protection against tuberculosis. 

When an enhanced response to an antigen is desired in the process 
of active immunisation, the antigen may be mixed with an adjuvant. 
Thus, bacterial toxoids may be precipitated by or adsorbed on to alum 
(aluminium hydroxide or phosphate) and this mixture is a much more 
potent antigen than toxoid alone. Some bacterial suspensions, e.g. 
typhoid and pertussis vaccines and some water-in-oil emulsions also act 
as adjuvants when mixed with toxoids or viruses. An alum adjuvant 
helps to create a depot from which the antigen is released over a period 
of days and in this way produces a more persistent stimulus for the pro- 
duction of antibody. Oil adjuvants probably also act by creating the 
depot effect but bacterial vaccines may, in addition, stimulate the 
production of phagocytic and antibody-producing cells. 

Passive Immunity. — In passive immunity, the host plays no part 
in the production of antibodies. Most infants are resistant to certain 


specific infections, e.g. measles, diphtheria, but not to others, e.g. 
whooping-cough, during the first four to six months of life. This 
immunity is due in large part to the antibodies transferred from mother 
to offspring via the placenta in the human species, or by the first milk, 
or colostrum, in some animal species (cow, sheep, horse), or by both 
rout^ (dog and rodents) or by a more complex mechanism from the 
utenne cavity through the yolk sac into the vitelline circulation (rabbit 
^ Thus, the concept that the route of transmission of 

antibodies from mother to offspring is determined by the permeability 
ot the placenta can be only partially true. Furthermore, with placental 
ransmission, as in the human species, there is a certain selectivity, e.g. 

*he somatic agglutinins of Esch. colt are transmitted 
antibodies are held back while “incomplete" 

Sle molecule may be important. But 

size 18 not the only factor since natural diphtheria antitoxin is readUy 
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transmitted from mother to foetus whereas the smaller molecule of 
peptic-digested (refined) antitoxin is not. Another interesting pheno- 
menon, not yet satisfactorily explained, is that the concentration of 
certain antibodies may be significantly higher in the blood of the 
newborn infant than in that of the mother. 

Gamma-globulin, which contains most of the natural antibody in 
human serum, may be separated from the other constituents and in- 
jected as a prophylactic measure in susceptible persons exposed to 
measles or infective hepatitis; or the gamma globulin of convalescent 
cases may similarly be used to protect against smallpox, measles or 
German measles (Chapters 31, 33 and 37). Antibodies to certain bacteria 
or their toxins may also be produced artificially in animals such as the 
horse. Repeated injections are given until a high level of antibody is 
reached when the animal is bled and the antibody is concentrated by 
getting rid of the albumin and non-antibody-containing globulin. 
These concentrated antisera may be used both prophylactically and 
therapeutically, as in tetanus and diphtheria. 

The practical aspects of artificial immunisation are discussed under 
individual infections and in Chapter 43. 


ANTIGEN-ANTIBODY REACTIONS 

A variety of methods may be used to demonstrate the presence of a 
specific antibody to a particular antigen, whether that be toxin, bac- 
terium or some extract of it, or virus. Most of these tests are demon- 
strated in vitro, i.e. in test-tubes or other containers; but some are 
demonstrable only in vivo, i.e. in living animals or in tissue cultures. 
The tests most commonly used are neutralisation of toxin protection 
(against infection with the living microbe), precipitation or flocculation, 
agglutination and complement fixation ; antibodies may also specifically 
assist in bacteriolysis (lysin) and in phagocytosis (opsonin). Antigen- 
antibody tests can be used quantitatively to measure the amount of 
antibody present in a given volume of serum by making a series of 
increasing dilutions of the serum or antigen or in other ways. The 
use of different methods for demonstrating antibody does not neces- 
sarily mean that several different antibodies are being identified ; 
in most instances it is one antibody that is being demonstrated in 
different ways. 


Neutrslissttion and Protection Tests 

If a microbe or its toxin is highly lethal for an experimental animal 
like the mouse or guinea-pig or, in the case of viruses, for living tissues 
(chick embryo or tissue culture), the average lethal dose or LD50 (».«. 
the dose which kills 50 per cent, of the susceptible animals or ^ues) 
is first assayed. Some multiple of this dose, say 10 LD50, is then 
tnixed with different dilutions of the antibody-containing serum and 
after standing for 30-60 minutes, the mixtures are injected into groups 
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of or Bggs Of tissuc cultufcs. Whcrc anin^ are used, they 

should be homogeneous in regard to breed, weight, sex, etc. If 
a microbe or, more often, a toxin produces characteristic and measur- 
able lesions in the skin of a susceptible animal, series of intradermal 
tests with different dilutions of serum can be cwried out on one 
animal. Diphtheria antitoxin can be measured in this way (see p. 181). 

In passive protection tests the serum in different doses is first injected 
into the susceptible animal, and after an interval of some hours the 
animals are “challenged” with a fixed dose, say 10 LD50, of the microbe 
or tnvin. Active protection tests are designed to measure the immun- 
ising or protective potency of a particular antigen (vaccine or toxoid). 
The antigen is injected in several dilutions (or sometimes in two Or 
more spaced doses) into groups of animals and, after an interval pf 
1-3 weeks, the animals are challenged with a fully virulent strain of the 
organism or of the toxin under test. When assays of a prophylac^ 
agent are first carried out on experimental animals, it is usually essential 
to compare the laboratory findings with the protective efficiency of the 
prophylactic in controlled trials on human volunteers. For example, 
a mouse protection test of whooping-cough vaccine was found to show 
good correlation with the protection of young children in field trials 
and has therefore been adopted as the method of assay for standardising 
the potency of whooping-cough vaccines (see Chapter 52). 

Agglutination 

Agglutination is the most easily observed effect of an anti-bacteria) 
serum. It differs from precipitation in that particulate rather than 
soluble antigens are brought together by antibody. If antibody- 
containing serum is added in vitro to a uniform suspension of the 
particular organism and the mixture is incubated, the bacteria become 
aggregated in clumps and the suspension appears fiocculent or granular, 
the clumps or floccules being easily visible to the naked eye. The 
phenomenon is attributed to a specific antibody designated agglutinin. 
The agglutinin does not affect the viability of the bacteria. It clumps 
dead as well as living bacteria. It is relatively thermostable and resists 
heating up to 56° C. An electrolyte, such as sodium chloride (but not 
complement: vide infra) is necessary for its action, and agglutination 
tests are usually carried out in a medium of physiological sdine. The 
mechanism of bacterial agglutination has not yet been fully elucidated; 
it may be due to {a) reduction of mutually repellent charge on the 
bacterial cell after coating with antibody, (6) a change in the hydrophilic 
property of the bacterial suspension to a hydrophobic character or 
(c) linkage of cells together by bivalent antibody molecules. Agglutina- 
tion tests are applied in the diagnosis of clinical infections and for the 
identification of species and types of bacteria. 

Haemagglutination. — Soluble antigens may be adsorbed on to 
larger particles, e.g. collodion, which then behave as the specific antigen 
and are agglutinated by the corresponding antibody. Red blood cells, 
particularly sheep cells and group O human cells, are frequently used 
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for this form of haenu^lutination, which is designated as indirect or 
conditioned haemagglutination to distinguish it from direct bacterial 
and viral haema^lutination which does not involve antibody (pp. 7, 
73). Polysaccharides are rapidly adsorbed on to red blood cells; 
proteins rather more slowly. In the latter case, adsorption is facilitated 
by preliminary treatment of the red cells with dilute tannic add 
(1: 20,000). Any antibody to the red cells that may be present in 
the serum being tested must, of course, be first removed by absorption 
with “untreated” red blood cells. This method of agglutination has 
been used to detect antibodies to the tubercle bacillus, Vi and O 
t}rphoid antibodies, virus antibodies, etc.; it usually gives a much 
higher titre than is obtained by direct bacterial agglutination (see 
Chapter 54). 

Another form of indirect agglutination is the antiglobulin reaction 
or Coombs test, used in blood grouping to detect weak or incomplete 
antibody. 


Precipitation and Flocculation Tests 

When an antigen in solution, e.g. a toxin or bacterial extract, is 
layered on top of serum in a test-tube, a ring of white precipitate will 
form if the serum contains the specific antibody or precipitin. A 
quantitative assay can be made by adding increasing dilutions of the 
antigen to tubes containing a constant amount of antibody until no 
precipitate forms. If a series of precipitin tests, using a fixed con- 
centration of antibody and varying dilutions of the antigen, are set up 
in test-tubes, precipitation (sometimes called flocculation) will occur 
first and in greatest amount in one tube of the series. This is the 
optimal proportions test of Dean and Webb and indicates the ratio 
of antigen to antibody where neither is in excess. It is used as a method 
for assay of diphtheria antitoxin. Precipitation tests are also used for 
the detection (by extraction) of group-specific and type-specific bacterial 
antigens as in the classification of ^e haemolytic streptococcus and in 
the identification of blood stains in forensic medicine. 

In recent years, the occurence of precipitation reactions in gels of 
agar or gelatin has been used for assay purposes and also to demonstrate 
the presence of more than one diffusible antigen in a microbe or toxin. 
There arc several variations in technique for demonstrating precipita- 
tion reactions in gels, based on the method of Oudin who layered 
antigen solutions on top of a column of antiserum-containing agar or 
gelatin with the subsequent development of a band or ban<k of pre- 
cipitation and on the Elek-Ouchterlony methods of allowing antigen 
and antibody to diffuse towards each other from wells or impr^nated 
filter paper in a plate of agar gel. In this double diffusion tec^que 
several hypothetical antigens may be placed in cups around a central 
well of antiserum and the number of precipitin lines where antigen and 
antibody ere in equivalence will indicate the number of antigens in each 
solution. Gel diffusion precipitation can be used, not rndy for quanti- 
tative and qualitative assays of antigens and antibodies but also to 
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detect the presence of diffusible toxins in bacterial cultures, e.g. in the 
diphtheria bacillus and the staphylococcus. For further details see 
Copter 54. 


Complement 

Complement is a thermolabile constituent of serum and its 
formation does not depend on stimulation by an antigen. It acts as 
a kind of catal 5 r 8 t for a variety of antigen-antibody reactions besides the 
complement-fixation test. Intensive studies have shown that comple- 
ment contains at least four distinct components — ^labelled Ci, Cj, C 3 
and C 4 — ^which come into action in a definite sequence in the completion 
of red cell haemolysis when a suspension of red cells is mixed with the 
corresponding antibody. Cj, a heat-labile euglobulin, probably ah 
esterase, is first adsorbed to the antigen-antibody mixture in thi 
presence of calcium salts; then the heat-stable C, (which can be in'^ 
activated by ammonia) becomes attached; next Cg, a heat-labile 
globulin, is taken up in the presence of magnesium salts and the reaction 
is completed by the heat-stable C3, which can be inactivated by treatment 
of the serum with yeast cell walls (Zymosan). These four components 
are found in different concentrations in the sera of various animal 
species and complement is reduced or disappears from the serum in 
the presence of certain diseases such as glomerulonephritis, serum 
sickness and infective conditions. 


Complement-Fixation; Lysin 

The bactericidal action of an immune serum is due to a specific thermo- 
stable antibody {bacteriolysin or bactericidin) acting along with a normal 
non-specific constituent of serum {complement) which is thermolabile 
(at 55° C.). The antibody apparently combines firmly with the bacterial 
antigen and the complement then unites with the combined antigen 
and mtibody. The antibody and complement have no independent 

thus been supposed that the antibody acts 
by sensitising” the bacteria to the action of complement, and that the 
latter is the essential lytic agent. 

Thus: 


Bacteria + + Complement — Bacterial lysis. 


antibody 

Bacteria+ 

antibody 

Bacteria -i- Complement 


=No lysis 

(but agglutination). 
=No lysis. 


that complement is an exceedingly unstable 
substana and becomes quickly inactivated when it is kmt at room 
temperature. ^ 

In VIVO bacteriolysis can be demonstrated readily by Pfeiffer's re- 

“ Ejected intraperitoneally in 
a gumea-pig along with an anticholera serum that is devoid of comple- 
ment as a result of heatmg (e.g. at 55° C. for i hr.); if peritoneal fluid 
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is drawn off with a hypodermic syringe at intervals within an hour, it 
is seen that the vibrios undergo progressive l 3 ^is and disappear from 
the fluid. In this case the animal complement acts along with the 
antibody of the injected serum. 

Haemolysis by a Haemolytic Antiserum is analogous to bacteriol)rsi8 
— i.e. it is due to a specific Aermostable antibody acting along with the 
normal complement. Haemolytic antiserum may be produced by 
injecting blood cell suspensions of one species of animal, e.g. sheep, 
into another species, e.g. rabbit. 

Thus: 

Red Cells + Complement=Haemolysis. 

Red Cells + Complement =No lysis. 

The phenomenon of haemolysis by serum can be demonstrated in 
vitro witlx blood suspensions and is easily visible with the naked eye, 
the blood becoming laked and transparent. 

A suspension of red blood corpuscles in isotonic salt solution plus 
the antiserum that has been heated at 55° C. to destroy complement 
{i.e. red cells -f specific antibody only) serves as an indicator for the 
presence or absence of complement — e.g. in complement-fixation tests 
— and is spoken of as a haemolytic system Serum haemolysin must 
not be confused with the haemolysins produced by various bacteria, 
e.g. streptococcal haemolysin, which are ‘‘toxins*' or enzymes secreted 
by the bacteria and act directly on the red blood cell. 

An immune serum may contain antibodies which, along with 
antigen, fix or absorb complement; and a complement-fixing antibody 
is therefore spoken of. 

Thus: 

Antigen + f^Sody + Complement. 

To test for this effect, the haemolytic system is used as an indicator: 
on adding the haemolytic system,!! complement has been fixed, then, 
no haemolysis will occur. 

Complement-fixation tests are employed in diagnosis, of bacter^ 
and viral infections and occasionally for the identification of species in 
the same way as the agglutination reaction. See also the Wassermann 
Reaction, Chapter 54. 

Opsonin 

Opsonic action of normal serum. Normal serum usually contains 
a thermolabile substance called opsonin wWch facilitetes phagocytosU. 
Its action is dependent on the coating of bacteria witii plasma protein 
which changes the surface characters of the bacterial cell and so renders 
it more susceptible to phagocytosis. This effect may be due to very snuU 
quantities of normal antibody acting together wiA complwnent which 
helps' to increase the amount of protein depouted on the bacterium. 
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Xhc increased opsonic action of an antibacterial serum is due to a 
specific thermostable antibody {jMWutiB opsonin) which can function 
independently of complement, though the latter may enhance the effect 
of the opsonin. The opsonins combine with the bacteria, rendering 
them susceptible to phagocytosis but without directly affecting their 
viability. Thus, if a serum is allowed to interact with organisms, which 
are then separated from it by centrifuging and washing with salt 
solution, they are still susceptible to phagocytosis by leucocytes though 
the serum has been removed, and the leucocytes have also been freed 
from serum. The opsonin is apparently “absorbed*’ from the serum 
by the organisms, and bound by them. 

The opsonic index is a numerical expression of the opsonic power 
of the serum of a person for a given organism as compared with normal, 
and has been regarded as significant of the degree of resistance posseted 
by the person to the particular infection. The index can be estimated 
according to the following system: a preparation of leucocytes, the 
bacteria in question and the patient’s serum are mixed, and, after a 
period of incubation, film preparations are made from the mixture and 
suitably stained; by counting under the microscope the number of 
bacteria phagocytosed by fifty, or preferably by a larger number of, 
leucocytes, the average for one leucocyte can be calculated — ^the phago- 
cytic index. A similar experiment is carried out, substituting the pooled 
serum of two or three normal persons, and the phagocytic index again 
estimated. The opsonic index is then calculated by dividing the 
phagocytic index of the serum in question by that of the normal serum. 
Thus unity is normal, and the opsonic power of the serum is greater or 
less than normal according as the index is greater or less tl^ unity. 
It has been shown that the results of counting bacteria in a small 
number of leucocytes, e.g. 50, may not be a statistically accurate 
representation of the actual number phagocytosed. 


CELLULAR IMMUNITY 

Although the development of specific humoral antibodies can be 
demonstrated following a clinical infection with most bacterial and viral 
pathogens, these antibodies may play an insignificant part in the 
patient’s recovery from the infection. For example, despite the high 
level of specific antibodies present in the blood of patients with brucel- 
losis by the second or third week of the illness, the clinical infection 
may continue for 6-12 weeks or longer; and if in this infection or in 
typhoid fever the illness is terminated early by chemotherapy, relapses 
of infection are more likely to occur. The lack of correlation between 
humoral antibodies and immunity is best illustrated from studies in 
experimental tuberculosis. Immunity to tuberculosis in a susceptible 
anunal like the guinea-pig follows inoculation with living attenuated 
cultures, e.g. BCG vaccine, and, less surely, with killed bacillary 
suspensions; humoral antibodies similar to those in the immunised 
animal can be produced by the injections of protein-lipid fractions of 
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the tubercle bacillus without inducing any inununity. Serum from 
inunune guinea-pigs transferred to susceptible animals gives no pro- 
tection against tuberculous infection. Again, tubercle bacilli m col- 
lodion capsules permeable to antibody globulins and planted intra- 
peritoneaUy in immunised guinea-pigs grow at the same rate as similar 
cultures in susceptible animals. Thus, all the available evidence 
indicates that humoral antibodies play little or no part in immunity to 
tuberculosis. 

The evidence regarding a specific cellular immunity is still rather 
contradictory. Lurie showed that monoc 3 rtic cells from an immunised 
guinea-pig when injected into the eye chamber of a rabbit along with 
living tubercle bacilli prevented the growth of the organisms, whereas 
normal monocytes failed to do so. Some workers have described 
similar results with mbctures of “immune” and normal monocytic cells 
and tubercle bacilli in vitro, but their findings need corroboration. 
Recent observations on patients with hypogammaglobulmaemia have 
demonstrated the selective importance of humoral and cellular im- 
munity in different infections. Hypogammaglobulmaemia is a sex- 
linked genetic anomaly seen only in males in which there is an almost 
complete absence of gamma globulin and humoral antibodies, including 
the blood iso-agglutinins. Children with this anomaly fail to produce 
antibody in response to antigenic stimulation and are highly susceptible 
to acute bacterial and toxic infections, e.g. pneumonia, streptococcal 
infections and diphtheria. On the other hand, the common virus 
infections including measles, chickenpox and mumps run a normal 
course and are followed by clinical immunity. The child can also be 
successfully vaccinated against smallpox and develops hypersensitivity 
to tuberculin following BCG vaccination (q.v., p. 206). Hypo- 
gammaglobulinaemic children therefore seem to develop a ceUular 
immunity to infections with intracellular pathogens such as viruses and 
the tubercle bacillus, and in such infections, humoral antibody does not 
seem to be essential for protection or clinical cure. 


IMMUNOLOGICAL REACTIONS AS A CAUSE OF DISEASE 

In this chapter the immune processes have been so far discussed 
in relation to their importance in defending the body against infection 
with microorganisms and their products. There exist however certain 
states in which the immune mechanism can have results that are 
disadvantageous to the individual. These states can be divided into 
two main categories, (1) Injury to tissues secondary to the comlnsuttion of 
antibody with fore^ antigenic material Here the actual tissue damage 
is mediated by pharmacologically active “intermediary substances” 
such as h istamin e, the release of which is fired off by antigen-antibody 
combination on or in the cell. Such reactions are known as Hvm- 
SENSinviTY REACTIONS and include anaphylactic and alleigic condititms. 
(2) Injury bp cells or tissues as a direct result of an immun^ogical reaction 
directed agmut-sudi ceUs or tissues. Con^tiims that fall into tlua 
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category include (i) transfusion reactions, haemolytic disease of the 
newborn (er 3 rthroblastosis foetalis) and graft rejection reactions. In 
these conditions the immunological reaction is directed against foreign 
antigens present on the cells or tissues, (ii) Direct injury to the sub- 
ject’s own cells either as the result of a breakdown in tolerance to “self 
antigens” {i.e. auto-immune disease) or the damaging effect on cells of 
antibody Erected against a foreign antigen {e.g. a drug) that is 
adsorbed on to such cells. 


HYPERSENSITIVITY 

Hypersensitivity may be defined as an increased tissue reactivity to; 
specific antigenic stimuli which may be protein or protein-linked 
substances or certain chemicals. The term allergy is frequently used 
synonymously with hypersensitivity but in this chapter it is used in a 
more restricted sense. Hypersensitivity may be divided into two main 
categories, immediate and delayed, according to the time of appearance 
of the response. The immediate type of response, which includes 
anaphylaxis, serum sickness, atopy (or allergy in the restricted sense) and 
the Arthus phenomenon, develops within seconds or minutes after 
exposure to the antigenic stimulus, is mediated by serum antibodies 
and is characterized by increased capillary permeability and smooth 
muscle spasm. The delayed type of response, which includes micrcdnal 
hypersensitivity {bacterial or infection allergy), contact dermatitis and 
certein forms of drug allergy, does not manifest itself until 12-48 hours 
after the stimulus, is not associated with demonstrable antibodies and 
is characterised locally by a marked cellular reaction. 

In the immediate type of hypersensitivity the reaction is associated 
with the release of histamine or other substances with somewhat similar 
pharmacological activities, e.g. serotonin (5-hydroxytryptamine), brady- 
kinin and slow-reacting substance (SRS-A). These substances, found 
mostly in mast cells, are released when there is union between antigen 
and antibody at the cell surface or intracellularly. Sometimes the 
reartion is so violent and generalised as to cause death as in anaphylaxis 
or, if more localised, tissue necrosis as in the Arthus phenomenon. 

A^phylaxis and atopy have certain points in common. The tissue 
reaction is immediate (within a few minutes) and the hypersensitivity 
can be passively transferred in the serum. Atopy, however, is of long 
duration and has a strong hereditary predisposition, whereas anaphy- 
mis IS limited in time and is probably not genetically linked. Microbial 
hypersensitivity, which is a feature of some of the more chronic in- 
fective diseases, is not passively transferable in serum but may be 
transferred by suspensions or extracts of leucocytes. 

® « injected subcutaneously with a 

ktenSIrf OOOOl-O-Ol ml.), and after an 

ml ? of «»ne serum 

wifnin o f or 5 ml. subcutaneously), it wdl develop 

th^hief ^ZnXr? “ *^^Pk>lactic shock, in whiS 

e chief manifestation is suffocation due to spasmodic contraction of 
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unstriped muscle, particularly that of the small bronchi and pulmonary 
oedema. The serum is non-toxic per se when given to an unsensitised 
animal even in large doses. 

Anaphylactic shock is more liable to occur and is more marked when 
the injection is intravenous, and when a large dose is given, than when 
the injection is subcutaneous or a small quantity is introduced. Thus, 
a dose that would produce shock if given at once, when introduced in 
repeated small fractions may not lead to an anaphylactic shock, and the 
animal is desensitised in this way. If, after the sensitising injection but 
before h 3 rpersensitivity has developed, a second dose of the substance 
is given, the animal is protected for a time against a subsequent injection. 

Haptens may produce anaphylactic shock in animals specifically 
sensitised with the complete antigen of which the hapten is a constituent. 

Serum anaphylaxis is of practical importance in medicine in relation 
to serum therapy — for example, when it is necessary to give a second 
dose of a prophylactic or therapeutic serum after an interval of 10 days 
or more, and especially by intravenous injection. A single injection of 
foreign serum may, in certain persons, particularly those with a personal 
or family history of allergy, produce immediate symptoms of shock. 
The risk of anaphylactic shock may, in such cases, be obviated by 
desensitisation with very small doses of serum. Fortunately, the 
human subject is much less liable to anaphylaxis than are certain 
animals. Tests for hypersensitivity and the hazards of repeat injections 
are discussed under tetanus (p. 334). 

Serum Sickness or Serum Disease. — It should be noted that 
after a single dose of foreign serum {e.g. a therapeutic antiserum pre- 
pared in the horse) given for the first time, characteristic symptoms 
may develop in a proportion of cases. These occur after an interval of 
eight to twelve days, and may consist of fever, an erythematous or 
urticarial rash, swelling of lymph glands and joints and albuminuria, and 
there may be an inflammatory reaction at the site of the injection. Such 
symptoms may be related to anaphylaxis; thus, at the time when 
symptoms appear, the antigen (the serum protein injected) may still 
be present in the system, wMlst antibody is beginning to appear in the 
blood and tissues so that an antigen-antibody reaction may occur in 
vivo as in anaphylactic shock. Fortunately, with the use of smaller 
doses of refined antisera, serum sickness reactions are now much less 
common and affect only two to five per cent, of those injected. 

Atopy: Allergy. — In certain persons, probably as a result of 
genetic factors, hypersensitivity may occur towards a considerable 
variety of substances of protein or non-protein nature, so that when the 
person is exposed to contact with the substance to which he is sensitive, 
toxic effects result, e.g. coryza, asthma, urticaria, gastro-intestinal dis- 
turbance. This form of hypersensitivity has been designated either as 
atopy, where there is a marked hereditaiy predisposition, e.g. hay fever, 
asthma, eczema; or allergy, where the genetic factor is much less 
important and there is almost always a history of contact, e.g. certain 
food allergies. Allergy can be tested for by cutaneous reactions with 
preparations of the particular allergen, e.g. pollen extracts. Akm, when 

I 
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the serum of an allergic person is injected into Ae skin of a n<Mi-sensitive 
person, and after an interval the dlergen is mjected at the same site, 
L urtiWrial wheal results (Prausmtz-Kiistoer 

ised responses appear and disappear quickly m wn^t to the delayed 
and persistent reactions in microbial hypersemtivity. The sensitising 
antibodies, called reagins, are not detected by precipitation or other 

conventional in vitro tests. , , -a- a.* 

Arthus Phenomenon.— This is a local hypersensiuvity reacUon 
characterised by an acute inflammatoiy response gomg on to tmw 
necrosis following repeated injections of an antigen. It may sometmes 
be encountered in man, e.g. after frequent mjections of rabies vaccine. 

Microbial Hypersensitivity (Infection Allergy).— Sensitisation 
to microbes or their products occurs in a variety of bacterial, viral a«d 
fungal infections. This microbial hypersewitivity develops m th^ 
course of a naturally acquired or experimentally produced iMecUon ^ 
is not usually demonstrable until 1—2 weeks, or sometimes longer, uter 
the onset of infection. It is found in chronic bacterial infections char- 
acterised by intracellular parasitism, e.g. tuberculosis, leprosy, brucel- 
losis; in certain virus infections, e.g. psittacosis, lymphogranuloma 
venereum; and in both superficial and systemic fungal infections, e.g 
ringworm, histoplasmosis. This infection allergy has been studied par- 
ticularly in experimental and clinical tuberculosis. The findmg,^as 
demonstrated by Koch, that a guinea-pig infected with virulent tubercle 
bacilli would after an interval of 10 days or more react to the intra- 
Hormal injection of living or killed tubercle bacilli by a delayed local 
inflammatory reaction is known as the Koch phenomenon andj^^has 
become the basis of the tuberculin test (p. 199) which is used as evidence 
of antecedent tuberculous infection. In adiUtion to the local reaction 
at the site of injection, tuberculin may also elicit focal inflammatory 
reactions around existing tuberculous lesions and may activate quiescent 
“healed” foci. These local and focal reactions do not appear un^ 
12-24 hours or longer after the injection of tuberculin and this is 
known as the delayed hypersensitivity reaction. Microbial hyper- 
sensitivity, although it cannot be passively transferred in serum as in 
the Prausnitz-Kiistner phenomenon, is transferable experintentally in 
the cells of an induced peritoneal exudate from a sensitised animal, 
which suggests that in this form of hypersensitivity the reactive sub- 
stance or Transfer Factor is closely bound to certain cells. Tuberculin 
hypersensitivity can be transferred in man with leucocytic extracts. 


Contact Dermatitis: Drug Allergy.— Hypersensitivity of the 
delayed type may occur after prolonged or repeated exposure of the skin 
or mucous membranes to certain plants and drugs. The skin lesion 
usually develops from the 6th-18th day after exposure as a moist 
eczematous dermatitis. The primula and, in America, poison ivy are the 
plants mMt commonly incriminated, while the insecticide pyretfarum, 
derived from a flowering plant, is also an excitant. Drugs like penicillin, 
streptomycin and the sulphonamides may cause contact dermatitis vb/eo. 
used as topical applications; furs containing the hair-dye, paraphenjdene* 
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diamine, and suspenders containing nickel similarly produce a delayed 
type dermatitis. Since these substances are not antigenic per se, it seenos 
likely that they combine with the host’s proteins and indeed many of 
them have an avidity for animal proteins. Sensitisation can be demon- 
strated by a patch test with the chemical substance in an oily solvent 
applied to a non-affected area of the skin. There is, presumably, a 
predisposing genetic factor in the host. 

In addition to the delayed type of drug allergy, acute anaphylactic 
shock or a symptom resembling serum sickness, i.e. immediate type 
reactions, may occur in patients who have received prolonged or re- 
peated courses of penidllm or certain other drugs. Again, the antigenic 
stimulus comes from a drug-host-protein conjugate and, fortunately, 
there is usually some warning of tike development of hypersensitivity 
in the form of localised reactions or skin eruptions, e.g. urticaria. But 
deaths from anaphylaxis have followed injections of penicillin. 


Transfusions Reactions, Haemolytic Disease of the 
Newborn and Graft Rejection 

Transfusion Reactions . — ^Prior to blood transfusions routine exam- 
inations include tests to determine the blood group of both the donor 
and the recipient (the A, B, O and Rhesus blood groups) and a “cross 
matching” test in which the donor’s serum is mixed with the recipient’s 
cells and vice versa. Despite careful precautions occasional errors and 
difficulties can arise as a result of which the transfused individual 
produces antibodies against a foreign antigen on the transfused cells 
and develops a transfusion reaction because his antibodies agglutinate 
or lyse the injected cells with consequent occlusion of vascular channels 
and interference with renal excretion. 

Haemolytic Disease of the Newborn (erythroblastosis foetalis). — This 
is a disease in which foreign antigens on the red cells of the foetus 
(usually Rhesus antigens) stimulate antibody production in the mother. 
Such antibody passing into the foetal circulation damages the red cells 
and causes a severe haemolytic condition. 

Graft Reactions . — It has been known for a long time that tissues can 
be grafted successfully only between individuals who are genetically 
identical. Grafts between non-identical individuals, e.g. brother and 
sister who are not identical twins, are not accepted. The immtmo- 
logical rejection process depends upon the foreign nature of certain 
mucopolysaccharide or lipopolysaccharide antigens derived from cells 
of the grafted tissue. These antigens differ antigenically in different 
individuals and are known as transplantation antigens. In a normal 
individual both humoral and cellular immune reactions develop to 
these antigens and the graft is rejected. 

Direct Ii^ury to Subject’s Own Cells 

AiOo-mmsme Disease . — ^The mechanisms underlying reactitms to 
foreign antigens depend on the ability of the inmunologicalfy ampetent 
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celk to recognise and react in response to foreign agents. The body 
must at the same time possess a built-in med^anism to prevent its 
reacting immunologically against its own tissues {self recognition). This 
is accounted for in Burnet’s Clonal Selection Theory (1959) by postula- 
ting the elimination in early life of any clone of cells (formed during the 
initial development of antibody-forming cells) that are capable of 
reacting against self. During the early stages of their maturation the 
antibody-forming cells are considered to be sensitive to contact with 
antigen {i.e. any accessible “self” antigen and even to a foreign antigen 
introduced at this stage) and to be functionally eliminated by such 
contact. 

It might be expected that under certain circumstances the mechan- 
ism of self recognition would fail and result in the formation of antibody 
to antigens of the individual’s own tissues. That this does occur 
been clearly shown by the description in recent years of a number of 
human diseases in which auto-sensitisation is part of the disease process. 
Included in this group of diseases are auto-immune haemol3rtic anaemia, 
cfoonic lymphoid thyroiditis (Hashimoto’s disease) and the connective 
tissue diseases. 

Disease due to the Action of Antibody against an Antigen adsorbed on to 
Cells.— pmg-mduc&d anaemia in which haemolysis of red blood cells 
occurs is due to the action of antibody on red cells with adsorbed antigen 
(drug) in Ae presence of complement. Examples of drugs which have 
been implicated in this way are quinidine, fuadin, sulphanilamide and 
sulphapyridine. It is possible that some bacteria and viruses wiA 
afHni^ for Ae red cell surface may also be concerned wiA reactions 
of Ais kind. OAer examples of drug-induced disease have been 
described in which platelets wiA adsorbed sedormid, quinine and oAer 
drugs are destroyed by the action of antibody against Ae drug; this 
results in a condition knovra as Arombocytopoenic purpura. Leuco- 
cytes are also sometimes involved in reactions of this type; e.g. amido- 
* known to act as a leucocyte-adsorbed drug and Ae resultant 
antibtwy response leads to a destruction of circulating leucocytes — 
granulocytopaenia or ogranulocytosU—zaA an increased susceptibility 
to infection. ^ ^ 


Shwartzman Phenomenon 

This reaction merits consideration m relation to Ae general subject 
of hypersensitivity. It was observed by Shwartzman that, when a 
^tme filtrate of Ae typhoid bacillus had been injected into Ae skin of a 

“d after 24 hours (but not later than 32 
ho^) the same filtrate was mjected intravenously (provocative inocula- 

die intradermal injection, 
^di subsequent necriis. A 
“duced by giving boA inoculations intravenously 

“fspeSc r, Thereaction^ 

fiteatr or oAtr;„?T “*"^dermal injection of typhoid bacillus 
nitrate, or other endotoxin-containmg organisms, a coliform bacillus 
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filtrate injected intravenously may excite the reaction. The precise 
significance of this phenomenon is still somewhat obscure, but it may 
contribute to the toxaemia of Gram-negative bacterial infections. 

For further reading on immunology seek boob by Rafiel (1961), 
Cruicbhank (1963), and Humphrey and White (1963). 



PART II 

PATHOGENIC AND COMMENSAL BACTERIA 


CHAPTER 9 

STAPHYLOCOCCUS 

Gram-positive cocci which grow in clusters are ubiquitous and can 
be isolated from air, dust, water and soil, and human and animal sources. 
The cocci that grow on solid nutrient media to give relatively large 
opaque, white or coloured colonies with a smoo& surface and that 
ferment glucose aerobically and anaerobically and may liquefy gek^ 
belong to the genus Staphylococcus. Some of them are saproph^c 
and may be useful in agricultural processes because of their fermentative 
activity. Others have become adapted to live as parasites and are found 
as commensals or pathogens in human beings and animals. 

The staphylococci are classified primarily on the basis of coagulase 
production (p. 137). Coagulase-positive strains, most of which also 
produce a, or S haemolysins, are called Staphylococcus aureus; an 
alternative name preferred by some workers is Staphylococcus pyogenes. 
Coagulase-negative strains are called Staphylococcus epidernddis, since 
they commonly occur on the skin, or Staphylococcus albus. 

Most strains of coagulase-positive staphylococci grow as colonies 
with a yellow or orange pigment; hence the name Staph, aureus. 
Colour, however, is subject to variation and a significant minority of 
pathogenic staphylococci grow as white or creamy colonies; these 
should be described as white varieties of Staph, aureus but are sometimes 
called Staph, pyogenes var, albus. Occasionally colonies of coagulase- 
positive stephylococci have a lemon colour {Staph, aureus var. citreus). 
Most strains of Staph, epidernddis grow as white colonies and in this 
book Staph, albus will be used as an dtemative name for these commen- 
sals. Other coagulase-negative staphylococci have growths coloured 
lemon (citreus), golden (aurianticus) and red (roseus). 

Most strains of staphylococci isolated from lesions in man and 
animals are coagulase-positive but coagulase-negative strains arc oc- 
casionaUy ^sociated with infective conditions such as subacute bacterial 
endocarditis and the secondary sepsis of acne lesions. The greater part 
OT toe surface of the healthy human skin yields large numbers of Staph, 
eptdemadis, md this organism appears to grow and multiply in the 
sebaceous and sweat glands and hair follicles. Certain restriitod sites 
on toe skin are colonised by Staph, aureus in 3(M0 per cent, of healthy 
are, therefore, carriers of the organism. The commonest 

CToto f ® vestibule (anterior nares). The perineum, 

grom, axilla ^d, to a less extent, the umbilicus may also be colonised. 

in animals staphylococci occur as commensals of the body surfaws 
iMsfeoS to examined, and lesions, though^probably 

less frequent th^ in man, are similar in character. ' ^ ^ 

Most of toe lesions caused by 5/qpA. aureus are superficial, e.g. boils, 
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Styes and wound infections. Less frequently a more extensive infection 
involving deeper tissues may develop, e.g, broncho-pneumonia, osteo- 
myelitis and p 3 raemia; and occasionally septicaemia and death may 
result from widespread dissemination of the organism from a focus. 

Generally speaking, the staphylococci show a marked degree of 
variation in their biolo^cal characters. This is reflected in the variable 
reaction of many strains to antibiotics and chemotherapeutic agents 
so that the antibiotic resistance of strains of Staph, aureus has become of 
great epidemiological and therapeutic importance. 


STAPHYLOCOCCUS AUREUS 

Morphology and Staimrig . — Gram-positive spherical cocci arranged 
in irregular clusters, the individual cells being approximately 1 /a in 
diameter. Single forms and pairs may also be noted. In films madt 
from cultures a certain amount of breaking-up of the clusters occurs anda 
a few short chains may be noted. Long chains are never found. 

Cultural Characters. — ^Aerobe and facultative anaerobe. Temperature 
ran^ for growth 10°— 42° C. ; optimum 35°-37° C. Growth occurs in 
ordinary nutrient media. A uniform turbidity forms in broth cultures. 
Colonics are circular disks, relatively large after 24 hours' growth with a 
diameter of 2-4 mm. They are opaque and convex with a shining 
surface and may be pigmented white (var. dBms), yellow, golden-yellow 
or golden (var. aweus). Confluent growth appears like “oil-paint”. 

Staphylococci will grow in the presence of 10-15 per cent, sodium 
chloride. The salt may be incorporated in media, making them highly 
selective for Staph, aureus, e.g. 10 per cent, salt broth or 7 per cent, 
salt milk agar (Chapter 47). 

On blood agar the colonies are similar to those on agar but somewhat 
larger. Marked zones of haemolysis appear on sheep or rabbit blood 
agar, particularly in an atmosphere containing carbon dioxide, but are 
small or absent on horse blood agar. 

On MacConkey’s medium colonies are small but show a characteris- 
tic colour due to the yellow pigment being tinged pink by the acid 
change of the neutral red indicator. 

Gelatin is liquefied quickly and coagulated serum slowly. 

On milk agar (Chapter 47) tihe colonies are similar to those on nutrient 
agar, but the pigment is more rapidly formed, more intense, and different 
shades of colour are easily recognised. Areas of clearing around the 
colonies may occur which represent digestion of heat ccagiilated casdn 
by staphylococcal proteases. 

Nutrient agar containing one per cent, glycerol n^oacetate has 
been used to enhance pigmentation and allow differentiation of Su^. 
aureitt into groups allowing different kinds of pigmentation. This can be 
of epidemiok^;i^ value as strains showing multiple antibiotic reristanoe 
and belongii^ to certain well-known phage types usually produce yeUow 
colonies, whitet strains of miscellaneous phage-types {u-oduce orange and 
buff colonies (Willis & Turner, 1963)., 
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Another useful indicator medium contains a low concentration 


(1 : 27,500) of mercuric chloride in a peptone agar base. Strains resis* 
tant to this concentration tend to be resistant to antibiotics such as 
penicillin and the tetracyclines, and include the well-known “hospital” 
strains of phage groups I and III (Moore, 1960). 

Colonies of staphylococci growing on media containing a number of 
biological fluids such as milk or egg yolk, may be surrounded by zones 
of opacity or clearing. Many of these are the result of the action of 
enzymes, e,g, proteinases or lipases. As these enz5rmic activities are 
usually associated with the coagulase-positive staphylococci, they have 
been adapted by certain workers in selective media for the isolation of 
pathogenic staphylococci. i; 

Opacity in Medium containing Egg yolk, — Many coagulase positive 
staphylococci when grown in glucose egg yolk broth give a dense opacity 
due to lipolytic activity. This eflFect can be neutralised by staphylococcal 
antiserum. The reaction is given by a high proportion of human strains 
but only by a few animal strains. Coagulase-negative strains do not give 
this reaction (Gillespie and Alder, 1952). 


Opacity in media containing plasma or fibrinogen may be due to 
coagulase, and also other factors such as the j8-lysin. Frequently 
coagulase-negative strains produce opacity. The test may be made 
more specific for coagulase by incorporating fibrinogen in the medium 
as follows: Make up a T5 per cent, solution of bovine fibrinogen in 
saline (Messrs. Armour, Hampden Park, Eastbourne, Sussex). Clarify 
the solution through a filter paper and add a trace of soya-bean inhibitor 
before filtering through a membrane filter (a Seitz filter removes much 
of the fibrinogen). Add 4~5 ml. of the filtered, sterile fibrinogen solu- 
tion to 100 ml. of nutrient agar at 50° C. together with 2-3 ml. of sterile 
human plasma. Store the plates at 4° C. for up to ten days. Dry plates 
before use. Colonies of coagulase-positive staphylococci are easily 
identified by the white halo or ring of opacity which they produce. 
The soya-bean trypsin inhibitor prevents fibrinolysin from digesting 
this opacity and producing a zone of clearing. 

Viability,— Tht thermal death point is about 62° C. for half an hour, 
but some strains are more resistant to heat, withstanding 70° C. for a 
short time. Laboratory cultures survive for months, and in some cases 
for years. Freeze-dried cultures in broth or serum survive for many 
years. Most strains of Staph, aureus are resistant to slow drying and may 
survive for many months in dust in the absence of direct sunlight. Prolong- 
ed survival on textile fabrics is a feature of some strains found in hospitals. 

Staphylococci are readily killed by most antiseptics and disinfectants 
concentrations in the absence of serum, pus or 
a bummous material, e,g, it is killed in a few minutes by 2 per cent, 
phenol and m solutions containing free chlorine — e,g, hypochlorite 
solutions. A concentration of 1 : 500,000 crystal violet is inhibitory to 
staphylococci, and when incorporated in solid culture media, e.g. blood 
agar, acts as a selective medium for the isolation of streptococci and 
wound and middle ear infections. Low con- 
centrations of brilliant green (1 in 10,000,000) and other organic dyes are 
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bactericidal. Proflavine and acriflavine maintain their effect in the 
presence of serum and pus at concentrations of 1 in 100,000, and 1 in 
1,000 solutions may be safely used in woimds. 

Antibiotics. — A& a generd rule Staph, aureus strains are highly sensi- 
tive to most of the antibiotics used in therapy. Growth of these strains 
is prevented by 0’02-0*05 /xg./ml. of benzyl penicillin, 0*5-2 /*g. of 
methicillin, 0*5 f»g*/tnl- oi streptomycin, 1*5-10 Atg*/*”!- chloram- 
phenicol, 0* 1-1*0 fig./ml. of tetracyclines and 0*25 /*g./ml. of erythro- 
mycin, dependent to a certain extent on the method of test. 

In the hospital enviroiunent, and to a less extent in the general 
community, the proportion of strains isolated from carriers and lesions 
that are resistant to antibiotics used in therapy has increased, roughly 
in proportion to the amount of these substances used. Thus in many 
hospitals today over 80 per cent, of strains isolated are penicillin- 
resistant; 50 per cent, are resistant to streptomycin; 25-50 per cent, are 
tetracycline-resistant; and 5-15 per cent, are resistant to chloram- 
phenicol. Among the general community about 20-30 per cent, of 
strains are penicillin-resistant, and mudi smaller proportions are 
resistant to the other antibiotics. 

The strains of Staph, aureus resistant to benzyl penicillin are resistant 
because they produce the enzyme penicillinase. Penicillinase-producing 
strains of staphylococci were originally infrequent but they have been 
selected and have become widespread as a result of the general use of 
penicillin. Staphylococci resistant to other antibiotics probably arise by 
mutation and their spread is favoured by the continued use of these 
antibiotics. The great majority of strains that are resistant to strepto- 
mycin, the tetracyclines, erythromycin and chloramphenicol are also 
penicillinase producers. A minori^ of strains are isolated which are 
resistant to all of these antibiotics, and drug treatment depends on the 
use of more recently developed antibiotics such as the penicillinase- 
resistant penicillins, Fucidic acid, novobiocin, vancomycin, ristocetin, 
and kanamycin, against which resistant mutants have not yet appeared in 
large proportions. 

Most strains are sensitive to the polymyxins, neomycin, framycetin 
and a number of other antibiotics that are frequently used in topical 
therapeutic preparations and creams to suppress surface carriage of 
Staph, aureus. Some strains are susceptible to the sulphonamides but 
these drugs have little place in treatment. 

Biocheuncal Reactions . — ^Various carbohydrates are fermented with 
acid but no gas production, e.g. glucose, lactose, sucrose and mannitol. 
Most strains from human sources ferment mannitol, and as Staph, 
epidermidis and other coagulase-negative strains rarely ferment tihis 
carbohydrate, mannitol fermentation has been used as a test to indicate 
probable pa^ogenicity. There is no correlation between mannitol 
fermentation and coagulase production in animal strains. Nitrates and 
methylene blue are redui^. Urea is hydrolysed and catalase is producnl. 

Coagulase . — ^The production of coagulase is characteristic of Staph, 
aureus; this substance is dmost certainly an enzyme and a precursor 
of a thrombin4ike substance which coagulates blood {flasma. The Tube 
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Coagulase Test is a reliable test for coagulase production. Citrated, 
oxalated or heparinised human or rabbit plasma is diluted 1 in 10 with 
isotonic saline or other suitable diluent. Place 0*5 ml. of diluted plasma 
in each of 2 small test-tubes; to one tube add 5 drops of an overnight 
broth culture or agar culture suspension. Incubate both tubes at 37® C. 
and examine after one hour and at intervals up to twenty-four hoius. A 
clot after forming may be l 3 ^ed at a variable rate so that care must be 
taken to avoid a false negative reading. 

Clotting usually occurs within a few hours and indicates that the 
strain is coagulase-positive. The second tube serves as a control and 
should show no coagulation. It is advisable to include tubes containing 
a known coagulase-positive and coagulase-negative strain as controls 
in any batch of tests. 5 

Slide Coagulase Test. — ^An alternative technique is to carry oulthe 
test on a microscope slide as follows. Divide the slide into two sections 
with a grease pencil. Place a drop of normal saline on to eac h area- 
emulsify a sm^ amount, e.g. one or two colonies from an agar platej 
of the test strain in each of the two drops to make a smooth suspension! 
Add a drop of imdiluted human or rabbit plasma to one of the drops and 
stir gently with a wire. Clumping of the orjganism results if the strain is 
coagulase-positive because fibrinogen precipitates on the cell surfaces, 
causing them to stick together. The factor causing this is the “clumping 
factor”, or “bound” coagulase, which is attached to the cell and acts 
directly on the fibrinogen (Duthie, 1954). (The tube test measures 
“free” coagulase which requires an accessory factor present in the 
plasma.) The second drop is a control to show spontaneous granularity 
of the strain which if it occurs invalidates the test. 

T^is slide test is fairly reliable, though false positive reactions 
occasionally occur. Doubtful results are best confirmed by a tube test. 
A small number of strains give a positive slide test and negative tube test 
due to the production of “bound” coagulase alone which is not detected 
by the tube test. 


Phosphatase Test . — It has been found that there is a certain degree 
of correla^n between phosphatase and coagulase production in stsmhy- 
lococci. The detection of phosphatase in direct plate cultures has 
been suggested for the exclusion of non-virulent strains and as a sub- 
stitute for the coagulase test, e.g. in cultures obtained from possible 
carriers of pathogenic (coagulase-positive) staphylococci. For this 
purpose an a^ medii^ incorporating phenolphthalein diphosphate is 
Si, producing phosphatase Kberate free phenolphthalem 

which can then be detected by exposing the plate culture to ammonia 
vapour, when the growths become bright pink (Barber and Kuper, 


There are protein antigens common to both 
paftogemc and non-pathogenic staphylococci, but sera prepared against 

LvSs SbXif agglutinate non-pathogenic strains, and the 


** prepared against a selection of coagu- 

laso-positive strains can be used to distinguish a number of groups or 



STAPHYLOCOCCUS PATHOGENICITY 139 

types of Staph, aureus. Using simple slide agglutination and {^[glutmin- 
absorbed sera, Cowan (1939) recognised th^ types (I, II and III). 
Six further types were added by Christie and Keogh. Other systems 
of classification on the basis of agglutination tests have been described 
by Hobbs (1948) and Oeding (1952). 

The t 3 ^ing of strains by these agglutination techniques has been 
used in epidemiological studies of outbreaks of staphylocoW infection, 
but on the whole tiie information has not been as satisfactory as that 
obtained by phage ^ing (p. 67). 

Precipitin reactions show that at least two serologically cUstinct 
carbohydrates occur in staphylococci, one characteristic of pathogenic 
strains and the other of non-pathogenic strains. 

The diffusible toxins of different strains of Staph, aureus appear to 
be serologically identical with the exception of coagulases of which at 
least three distinct antigenic types have been described. 

Pathogenicity. — Although all strains of Staph, aureus are potentially 
pathogenic to man or animals there is evidence of marked difference in 
virulence. Thus certain strains are associated with the ability to cause 
sepsis and have “marker characteristics” such as phage t 3 q)e or pattern 
{e.g. type 80), antibiotic-resistance {e.g. tetracycline-resistance), 
resistance to mercury salts, and frequency of appearance in epidemics. 
Such strains have been termed “epidemic strains”, and form a small 
minority of ail strains. In contrast endemic strains which appear only 
sporadically in outbreaks of infection involving more than one case are 
usually different in their characters. The characters of the epidemic 
strains may be contributory to survival outside the body since such 
survival is important in the perpetuation of the strain, and it has been 
shown that ‘epidemic strains’ survive differentially on textile without 
loss of infectivity. 

Strains of Staph, aureus isolated from human lesions are actively 
pathogenic to rabbits; thus a small quantity of culture injected sub- 
cutaneously produces a localised abscess, and intravenous inoculation 
leads to either septicaemia or pyaemia with multiple abscesses in the 
kidneys, lungs, myocardium or other organs. Mice and guinea-pi^ can 
also be successfully infected, but are less susceptible th^ rabbits. 

Many strains of Staph, aureus are strongly toxigenic; they are 
haemolytic (when mixed with suspensions of red celh), kill and lyse 
leucocytes (when added to a preparation of leucocytes), produce 
necrosis of tissue (when injected into the skin), and exert a rapidly 
lethal effect on intravenous injection. Thus haemofysin, leucoadin, 
leucolysin, necrotoxin and lethal toxin activity can be demonstrated in 
cultures. In addition, certain strains ptodacafibrmolysin and hyabtram- 
dttse which ate distinct from those produced by streptococci (p. 150). 
As yet the part played by tiiese toxic factors in natural infections has not 
been eluddated. The digestion of the dot formed by coagulase is due 
to a fibrinolytic agent, staphylokinase, whidi activates a protease, 
plasmin, present in human and animal plasma. 

A considerable ntimber of distinct staphylococcal haemol^^dns have 
been described but among those derived from coagulase-positive strains 
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only 3 have as yet received general recognition. These are the o, ^ and 
8 haemolysins. Elek (1959) has drawn attention to the production of 
haemolysin by a number of coj^lase-negative strains and for this toxin 
has suggested the designation e haemolysin. Such strains have been 
isolated from low-grade infections but their toxin was non-antigenic 
(McLeod, 1963). 

The a-lysin produces rapid lysis of rabbit and sheep red cells at 
37°C.; the p-lysin lyses sheep cells, the effect being progressive at room 
temperature {e.g. after the test mixture of blood suspension and culture 
filtrate have been removed from the incubator and allowed to stand 
overnight at room temperature); and S-haemolysins have also been 
defined and can be demonstrated by testing with human or horse *ed 
cells. The o, and 8 lysins are antigenically distinct. The a-haeipo- 
lysin may be responsible for the necrotic and lethal effects of filtr^es 
referred to above. The o and 8 haemolysins seem to be characteristic 
of strains of human origin and are generally associated with coagulase 
production. Coagulase-negative strains do not produce them. /3-lysin 
is produced by strains of animal origin, many of which also produce 
a and 8 lysins. 

The method most successfully used for obtaining a and /3 haemo- 
lysins is growth for several days in fluid or semi-fluid media exposed to 
air reinforced in its content of COj. The production of haemolysin 
is promoted by the presence of magnesium salts in the medium. 8 
haemolysin is most readily produced by growing the staphylococcus on 
the upper surface of cellophane sheets lying in contact with the medium. 
The toxin is obtained after 1 8 hours’ incubation by washing off the growth 
on the upper surface of the cellophane with saline, centrifuging the 
organisms and collecting the supernatant fluid. 

Certain strains of Staph, aureus produce an enterotoxin which is 
different from the other staphylococcal toxins. It is thermostable 
and can resist boiling for a short period. When ingested this toxin 
produces a gastritis or gastro-enteritis in man and is a common cause of 
food poisotdng. Unfortunately there is no satisfactory in-vitro or animal 
test for demonstrating this toxin. It is believed that most food poisoning 
strains belong to phage group III. 

Pathogenesis. — Staphylococcus aureus is a common commensal of the 
nasal vestibule, and also of the skin, particularly those areas with apocrine 
glands, the groin, perineum and axilla. The organisms may be isolated 
in large numbers from the anterior nares of 30-40 per cent, of the healthy 
adult population, from the groin and perineum of 10 per cent, and less 
frequently from other areas. It may also colonise the nasophaiynx, 
though this is more common in babies and young children. In a 
minority of persons quite large numbers of Staph, aureus may be isolated 
from the faeces. 

In hospitals the proportion of members of staff whose anterior nares 
^ colonised with Staph, aureus is usually higher (50-60 per cent.) than 
in the general population, and patients in hospital tend to be colonised 
dependmg on the length of their stay. Young babies are extremely 
susceptible to colonisation by the organism, and 80-100 per cent, of 



STAPHYLOCOCCAL INFECTIONS 141 

infants bom in hospital 3 rield large numbers of Staph, aureus from the 
anterior nares and, less frequently, from the throat, umbilicus and foeces 
on discharge eight to ten days ^er birth. 

Numerous staphylococci are found in the air and dust and on clothing 
and fomites. A variable proportion of these will be Staph, aureus, 
depending upon the site. Thus the relative and absolute number of this 
organism is greater in the hospital environment than in the home, and 
the environment reflects the rate of dissemination of the organffim from 
human sources. Staph, aureus is also a ccmimensal of most domestk: 
animals. 

Staph, aureus occurs commonly in pyogenic lesions in the human 
subject. The great majority of these infections are superficial inflam- 
matory lesions with pus formation such asskin pustules, boils, carbuncles, 
blepharitis, styes, impetigo, and pemphigus neonatorum and “sticky 
eye” in babies. It is a common cause of wound suppuration and of 
mastitis in lactating mothers. It may be present in large numbers in the 
skin lesions of enzeme and psoriasis. More serious and deep-seated 
infections are osteomyelitis, renal carbimcle, peri-renal abscess, broncho- 
pneumonia and localised abscesses. In a minority of cases pyaemia, 
septicaemia and malignant endocarditis may result from spread from a 
primary focus. 

Cases of food poisoning are frequently due to the etOerotoxin pro- 
duced by staphylococci growing in certain articles of food, such as 
cooked meats, milk and milk-products (cream-cakes, custard, ice- 
cream), fish and gravies. These foods are most frequently contaminated 
by food-handlers, although when milk and milk-producers are respon- 
sible the staphylococci may have been derived from the milk itself, e.g. 
from an udder lesion in the cow. The production of the toxin depend 
upon suitable conditions (time, temperature, moisture) for the growth of 
the organism in the food. 

Inflammatory and suppurative lesions similar to those found in die human 
subject are found in animals, though on the whole they are less frequent, e.g. 
mastitis in most species of domestic animals; pyaemia associated with 
infection in lambs; and septicaemia and arthritis in poultry. In the condition 
of “botryomycosis” in horses (Stapf^lococcus ascofomums) the coed are 
frequently capsulated in the tissues and, espedally in chronic lesions, occur 
in zoo^ea-like masses or clusters. These aggregates may resemble in naked- 
eye appearance actinomycotic “granules” (p. 303). In culture, ciqisules are 
not seen and the organism resembles Staph, aureus in its genei^ diaracters. 
A similar staphylococcal infection, sometimes pathologically resembling 
actinomycosis, may occur in the udders of catde and pigs. 

Epidemiology. — The sources of Stapihyhcotxus aureus are persot» 
who are carriers or suffering from lesions. Less important sources are 
animals and inanim ate material in which the organism is capable of 
growth, e.g. con taminat ed foodstuffs under suitabte growth conditions. 

Healthy carriers or persons with lesions disseminate the organism 
pver their skin surfaces and impr^natethdrebthea. The environment 
IS contaminated by direct contact, e.g. by direct omtact via the hands, 
or by the distribution of contaminate particles from the ^in and cloth- 
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it^g which occurs during niovcnicntj snd in use of the hsndherchief* hlew 
hosts are infected by direct contact, or indirectly from the contamin> 
ated environment. 

A proportion of staphylococcal lesions are due to autogenous infec- 
tion such as occurs when a carrier contracts a lesion due to Qie same ti^pe 
of staphylococcus as is present in his anterior nares. In other cases Ae 
source of the organism is exogenous and cross-infection takes place. 
Autogenous infections are commonest among the general population; 
the phage “types” of Staph, aureus producing these infections are 
diverse and most of the strains are sensitive to penicillin and other anti- 
biotics. Cross-infection is more common in hospitals; a limited number 
of types are involved in any one hospital and the majority of mese 
strains are resistant to penicillin and frequently to one or more o^ the 
other antibiotics (see Williams et al., 1960). ^ 


Laboratory Diagnosis 

Examination of Material from Lesions. — ^This is most conveniently 
carried out by sampling the pus or exudate with a sterile swab, or if 
there is sufficient material, collecting it in a capillary or test-tube. Blood 
agar and milk agar are inoculated and a Gram-stained film is prepared. 
After overnight incubation the plate cultures are examined for colonies 
morphologically resembling Staph, aureus. Representative colonies are 
examined for coagulase production (and haemolysins if desired). 

Subcultures of representative colonies are made in nutrient broth 
and these may be used to measure antibiotic sensitivity and determine 
the phage type. 

Recognition of Carriers. — Swabs are taken from the anterior nares, 
perineum or other suspect site and plated on suitable medium such 
as milk agar. Occasional colonies of Staph, aureus probably indicate 
transient contamination of the surface that has been sampled. A large 
number of colonies or confluent growth indicates true colonisation 
characteristic of the carrier. A persistent carrier state may be con- 
firmed by examining three swabs taken at weekly intervals, as the pres- 
ence of Staph, aureus may be intermittent in some persons. 

Serological Diagnosis. — Normal serum frequently agglutinatesstaphy- 
lococci in low titre. In staphylococcal infections the litres may be 
quite high, but the results are too variable to be of diagnostic value. 
Various other antibacterial antibodies can be demonstrated in the sera 
of animals immunised with Staph, aureus, but their relationship to 
disease is not clear and little of clinical value can be learnt from meir 
presence in the sera of patients. 

Assis^ce in the diagnosis of suspect cases of deep-seated staphy- 
lococcal infections such as bone or kidney disease may be obtained by 
estimating the serum titre of anti- a haemolysin. 

Airti-Sti^ylolysin test 

Rejittrewwnto.— 0-1% gelatin saline. 

Standard stodc a-haemolysin (obtainable from Burroughs Wdleoroe) 
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solution is prepared by diluting accordi^ to the stated unitage on the 
bottle, to 20 units per nil. with 0*1% gelatin saline, and may be preserved by 
the addition of merthiolate. Before Ae test this is further diluted to 2 units 
per ml. with gelatin saline. 

Red cell suspension — ^freshly drawn rabbit red cells are washed 3 times, 
packed and suspended in 0-1% gelatin saline 10% v/v 
Patient’s serum is inactivated at 56®C. for 30 min. 

Test , — ^The reagents are added to a series of V x Y tubes as follows 


Tube 

0*1% gelatin saline 
Patient’s senim 

Haemolysin 
Equivalent contents 
of haemolysin 


o©©@©@©®@®@@ 

— 0-5 0-5 OS 0-5 0-6 0-5 0-5 0-5 0-5 0-5 0-5 


0-5 05 OS 0-5 0-5 0-4 O-S 0-5 0-S 0-5 — — 

0-5 0-5 0-5 0-5 0-5 05 0-5 0-S 0-5 — 0-5 — 


2 4 8 16 32 5 10 20 40 


The tubes are now shaken and allowed to stand at room temperature 
for 30 minutes after which 0-1 ml. of the rabbit cell suspension is added to 
each tube. The tubes are gently shaken and placed in a 37°C. water bath for 
1 hour. Next add 3 ml. of saline to each tube. Centrifuge all tubes and read 
the degree of haemolysis. The tube showing 50% haemolysis is the end 
point and the reciprocal of this dilution is expressed as the titre in units per 
ml. There should be no haemolyms in the serum control (tube 10) or salme 
(tube 12), and 100 per cent, haemolysis in the haemolysin control (tube 11). 

Normal litres range from 0-2 tmits. A titre of more than 2 units, 
and especially a rising titre is more significant, but the absence of demon- 
strable antibody does not exclude staphylococcal disease. 

Chemotherapy. — Owing to the variable susceptibility of strains of 
Staph, attreus to antibiotics it is advisable to carry out antibiotic sensiti- 
vity tests on the causative organism whenever possible. Guidance as 
to the best antibiotic to use can be obtained most quickly by the use of 
the primary sensitivity test (Chapter 53). Benzyl penicillin is effective in 
the majori^ of staphylococcal infections in the general population which 
require antibiotic therapy but infections occurring in hospital ue not 
usually amenable to penicillin therapy. Combinations of antibiotics 
We been recommended by several workers for the treatment of patients 
infected with strains resistant to multiple antibiotics. The best combi- 
nations can be determined only by laboratory tests. 

Pn^hylaxis. — ^The prevention of staphylococcal infection dep«ids 
on (a) preventing the dinemination of the organisms from opm lesions 
wd dangerous carriers, (5) reducing the numbers of the organism in 
reservoirs in the environment and (c) preventing aeons to susoeptfiile 
hosts. 

. (a) Staphylococcal lesions must be carefully treated and coveted 
^th impervious dressings. In hospital, strict aseptic techniques in 
dressii^ lesiotu and isolation nursing slmuld be carried out wherever 
possible. 

St^hylococci growing at carrier shea, e.g. ffie antmior nares« may 
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be suppressed by applying antibacterial creams wntauung antibiotics 
mtchrs neomycin or bacitracin, or antiseptics such as cWorhexidine or 
hexachlorophene. This eliminates or reduces contamination of the 
tier’s skin handkerchief and clothing and reduces dissemination to 
the enviromkent. Frequent washing of the hands with antiseptic 


reduces spread by contact. . . , • ^ i 

(b) The number of staphylococci in the environments reservoirs 

may be controlled by means designed to reduce dust— oiling of floors 
and blankets, damp dusting and sweeping, the use of vacuum cleaners 
(fitted with filters), cleaning of surfaces with disinfectants. Surgical 
theatres can be equipped with efficient air filtration and positive- 
pressure ventilation systems. Ultra-violet light may be used to reduce 
bacterial coimts in closed environments. ... i 

(c) Patients known to be susceptible to infection with Staph, ameus 
(e.g. cases of influenza, chronic bronchitis) should be nursed away from 
likeiy sources of the organism. The administration of antibiotics 
frequently renders patients more susceptible to colonisation or infection 
with antibiotic-resistant strains. The use of antitoxin is generally 
thought to be of little value. 

Immunisation.— For the treatment of chronic or recurrent staphy- 
lococcal infections, stock and autogenous vaccines have been extensively 
applied in the past, but with variable success. Staphylococcal toxoid has 
also been advocated for immunisation in such cases, again with variable 
results though it has proved useful in the treatment of pustular acne. 


Staphylococcus albus (Staph, epidermidis) 

Morphologically and culturally this organism is similar to Staphy- 
lococcus aureus. Colonies are porcelain white or creamy in colour. It 
does not produce coagulase and is best distinguished from Staph, 
aureus var. albus in this way. 

This organism is much less active than Staph, aureus in its liquefac- 
tion of gelatin and fermentation of sugars; on blood agar colonies may 
or may not show zones of haemol)^is. Most strains fail to produce any 
haemol3rsin. 

It occurs as part of the normal flora of the skin. Whilst regarded as 
non-pathogenic, it has been reported in lesions such as acne pustules, 
“stitch” abscesses and urinary tract infections, and rarely in more serious 
lesions, e.g. subacute bacterial endocarditis. 

Staphylococcus citreus. — A. relatively uncommon and mainly sapro- 
phjrtic t^e of organism; does not liquefy gelatin, is coagulase-negative 
and is dktinguished by its lemon-yellow colour. 


Odier Gram-Positive Cocci 

A great variety of these occur as saprophyrtes in nature and may be 
met with often as contaminants of plate cultures, being derived frtffli air 
and dust. Some resemble staphylococci in morphology, others appear 
in the form of tetrads or packets of eight (Sarcinae). Colonies of growth 
resemble those of the staphylococci and some species are chrom<^pD*®> 
producix^ coagulase and are non-toxigenic. An example of this |pwup 
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is Sarcina characterised by its yellow growth and widely used in 
assay of antibiotics, notably the penicillins. Another is Micrococcus 
ureae which is found as a contaminant in urine and converts urea to 
ammonium carbonate; it is non-chromogenic. 

Gaffkya tetrs^ena (Micrococcus tetragenus) 

Morphology and Staimr^. — Gram-positive spherical cocci in tetrads, 
each cell being about 1 ^ in diameter, and capsulated when in tissues. 

Cultural Characters. — ^Aerobe and facultative anaerobe. Optimum 
temperature 37°C. ; grows well on ordinary media and colonies resemble 
those of Staph. aOm. Gelatin is not liquefied. 

Occurrence. — It is a commensal of the mucosa of the upper respira- 
tory tract and can be isolated from suppurative lesions of the mouth, 
neck and respiratory tract, e.g. dental abscesses, cervical adenitis, 
pulmonary abscess and rarely endocarditis. 

Cultures of Gc^kya tetragerui are often pathogenic to the mouse, 
producing a generalised infection. Thus it may sometimes be isolated 
from mixed cultures by injecting this animal. Rabbits and guinea-pigs 
show only localised lesions. 

BACTERIOPHAGE TYPING 

Bacteriophage typing (page 67) may be used like serological typing, 
for the precise identification of strains of bacteria within a genus or 
species, e.g. Salmonella, Staphylococcus and Pseudomonas, and is of 
considerable value in the epidemiological study of outbreaks of infection 
due to these organisms. If the reaction between the phage and corres- 
ponding strain of bacterium were specific the interpretation of results 
would be easy and allow of designation of type according to the active 
bacteriophage. However most staphylococcus and pseudomonas phages 
are active against a number of different strains, so that “patterns” of 
lytic activity are usually observed. These patterns are reproducible 
within narrow limits and determine the ‘phage type’ of the particular 
strain. 

Source of the Typing Phenes. — Phages isolated from lysogenic strains 
of Staph, aureus are the most suitable for typing and are selected on the 
basis of the specificity of their host range. A number of staphylococcal 
phages are recognised internationally as a basic typing set, and these 
have been numbered accordingly. These phages are grown on suscept- 
ible host strains of Staph, aureus (propagating strains), which are 
numbered accordingly to the phages with the prefix PS, e.g. PS 52. 
Both the basic typing phages and the propagating strains of Sta^. 
aureus are obtairutble by accredited laboratories from the Cross-infection 
Reference laboratory, Colindale. There are four ^oups of these 
phages, and patterns of lysis most frequently involve lysis with phages of 
one group and less frequendy phages of (Merent groups are found to 
lyse one strain eff staphylococcus. TUs is particularly true if the phage 
filtrates are used relatively dilute (e.g. at routine test dUutkm-— RTD 
wde infra). Patterns t«id to be wider vrhea undiluted phage filtrates 
are used. 
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The phages in each of the groups are shown in the table and the 
designations of some of the types of staphylococci lysed by them. 


Phage 

Group 

Individual Phages 

Common phage types 
of staphylococci 

I 

II 

III 

IV 

Unclassified 

29; 52; S2A; 79; 80 

3A; 3B; 3C; 55; 71 

6; 7; 42E; 47; 53; 54; 75; 
77; 83 A 

42D 

81; 187 

29; S2/52A; 52/52A/80/81 ; 80 
3A/3B/3C; 3C/55. etc. 
6/7/47/53/54/75/77 and many 
others, usually complex 


Medium for Propagation and Typing with Phages , — Digest broth With 
the addition of 400 mg. of CaClg per litre may be used for propaga^ng. 
For solid media for both propagating and typing digest broth containing 
0-7 per cent, powdered agar (i.e. sufficient to give a rather soft gel)> is 
used. 


Propagation of Bacteriophages , — Propagating strains of Staph, aureus are 
cultured in nutrient broth from freeze-dried stock preparations. To reduce 
the chance of contamination and variation occurring in both phage and 
propagating strain it is best to start the preparation of each batch of phage 
from freeze-dried stock. 

Basically two methods are used to propagate phages. The simpler is the 
broth propagation method which can be used to obtain suitable titres of the 
majority of the basic set of typing phages (Blair and Williams, 1961). The 
propagating strain is grown at 37° C. overnight and added to a nutrient broth 
to ^ve a final dilution of 1 . 100: phage is then added to give a dilution 
equivalent to the RTD (see below). The mixture is then incubated with 
shaking at 37° C. for 6 hours after which the lysate is centrifuged and the 
supernatant collected. This supernatant is titrated by decimal dilution and if 
suitable may be filtered and stored at 4° C. 

When higher titres are required, and particularly with phages 29, 42D, 
47, 52, 52A, 79, 80 and 187, propagation on solid media is preferable. One 
such is the freeze and thaw method of Williams and Rippon (1952). Petri 
dish^ are poured to a depth of 5 mm. with digest agar. The surface of this 
medium is inoculated with an overnight broth culture of the propagating 
strain, using a sterile glass spreader to distribute the minimum number of 
drops that will give confluent growth. When the culture has been absorbed 
into the agar, the phage, reconstituted in broth from freeze-dried material, is 
^read overall save a small segment of the surface of the inoculated medium. 

• u ** ^ control area. The plates are then incubated at 30“ C. over- 
mght The concentration of phage particles in the inoculum should be 10-100 
n * to produce coi^uent lysis of the propagating strain. 

FoUowmg incubation the control area is examined; this must show no 
evidence of spontaneous lysogenicity of the propagation strain otherwise the 
plate must be discarded. If clear, the control area is cut out with a sterile 
^e and Ae remaining agar frozen by holdii^ at -60“ C. for one hour. 
Aror tteezing, the agar is allowed to thaw at room temperature, when the agar 
extrusion of fluid. The fluid is sqtarated, centrifuged to 
debris, and titrated by applying 0*02 ml. drops of 
decimal diluuons in peptone water to the surface of a digest agar plate 
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previously seeded with the propagation strain. Individual plaques of lysis 
indicate the activity resulting from single phage particles, thus a plaque count 
gives the number of pha^e particles in a preparation. \^en the plaques are 
numerous they coalesce into confluent lysis. The highest dilution of a phage 
preparation producing lysis which is almost confluent is generally referred to 
as the Routine Test Dilution (RTD). 

If the titre is satisfactory (i.e. RTD greater than 1 : 1000) the phage 
preparation is filtered, preferably through a sintered glass fflter (“5/3’') to 
remove remaining bacteria. The sterile filtrate is re-titrated to check on loss 
of potency during filtration. The identity of the phage is a^ checked by 
spotting drops of the undiluted filtrate on plate cultures of a set of indicator 
strains to confirm that the lytic spectrum (host range) has remained unchanged. 
Stock, undiluted filtrates of phage are stored at 4° C. and samples are freeze- 
dried for future propagation. 

For typing purposes the phage filtrates are used most often at their RTD 
or at RTD x 1000. These dilutions are prepared weekly and stored in the 
refrigerator. 

The Typing Technique . — Either 4-5 hour or overnight nutrient broth 
cultures of the strains of Staph, aureus to be typed are flooded on to the 
surface of Petri dishes cast with any good nutrient medium to give a 
total depth of 2-3 mm. of medium, and excess culture is removed. The 
plates are allowed to dry at room temperature with their lids partly 
removed, and when absolutely dry, are ready for the application of phage. 

The typing phages may be applied manually with fine capillary 
pipettes delivering approximately O-Ol ml. in which case a grid with a 
number of squares corresponding to the number of ph^es in the typing 
set (approx. 25) is marked on the bottom of the Petri dishes. Drops of 
the typing phages are applied in a constant order but care must be ^en 
not to touch the plate when applying the filtrates, since any of the test 
strains may be lysogenic and carry over may result in non-specific lyreis. 

A more rapid method is to use a machine* which delivers the phages 
simultaneously via a battery of stout loops to the surface in a fixed and 
uniform pattern. This obviates the necessity of marking the plates 
providing an orientation mark has been made, and several hundred 
plates may be inoculated with phage in an hour. 

The inoculated plates are allowed to dry and are incubated at SO^C. 
overnight, or alternatively at 37°C. for 6 hours. Next day the plates 
are examined in a good light and each square of the typing grid examined 
for lysis which may be reported as follows: 

+ 4- -I- strong reaction — confluent lysis with or without phage 
resistant growth. 

+ + moderate reaction — 50 or more plaques 
+ weak reaction — ^up to 50 plaques. 

The complete pattern of lysis for each strain is recorded. If no 
reaction is apparent with any of the phages the strain is reported as non- 
typable, but may be tested agiun wiA stronger preparations of the 
phages and reactions obtained. 


* Obtainable ftom Mcaaia Biddulph & Son, Mancbeater. 




CHAPTER 10 


STREPTOCOCCUS; LACTOBACILLUS 

Streptococci are Gram-positive, spherical or oval cells arranged in 
pairs or chains of varying length; each cell is approximately Ijit in 
diameter, non-motile, non-sporing and may be capsulate. 

Classification of the Streptococcus genus presents difficulties. The 
majority are aerobes or facultative anaerobes, but there are species 
that are anaerobic or micro-aerophilic. The aerobes may firet be 
divided into those that produce a soluble haemolysin and those that 
do not. The first of these groups usually produces a clear zone of 
haemolysis on fresh blood agar — beta {p) haemolytic — and includes most 
of the species associated with primary streptococcal infections in man 
and animals. They can be subdivide into broad groups according to 
the chemical nature of the carbohydrate (or C antigen) contained in the 
body of the organism (Lancefield groups). Strains that belong to 
Lancefield’s group A are responsible for over 90 per cent, of human 
streptococcal infections and they can be further divided into Griffith 
types according to their surface protein antigens (M, T and R). The 
non-haemolytic varieties may be divided into two broad categories 
according to their effect on blood agar or heated blood agar. Those 
that produce a greenish pigmentation with a narrow zone of partial 
haemolysis are called alpha (a) haemolytic or Streptococcus viridans and 
it must be understood that these strains do not produce a soluble 
haemolysin. Those without effect on the blood-containing medium 
may be called rum-haemolytic or gamma (y) type streptococci and include 
the faecal streptococci {Streptococcus faecalis). Whilst most of the 
Lancefield group A streptococci {Streptococcus pyogenes) produce 
P-haemolysis, some variants are non-haemolytic. Conversely, a variant 
of Strept. faecalis (Lancefield group D) may be actively haemolytic on 
blood agar, although it does not produce a soluble haemolysin. 


STREPTOCOCCUS PYOGENES 
(GROUP A STREPTOCOCCUS) 

Morphology and Stainit^. — ^As above. 

Cultural Characters. — Aerobe and facultative anaerobe; tempera- 
ture range, 22“--42° C.; optimum 37° C.; grows on ordinary media 
but better on serum- or blood-containing media. 

Blood agar — colonies are O-S-l mm. in diameter after twenty-four 
hours’ incubation; circular, discrete, semi-transparent, low-convex 
disla, showir^ jS-haemolysis on fresh blood agar plates. Virulent 
strains isolated from lesions give a matt type of colony, whereas 
avirulent strmns produce glossy colonies; a mucoid colony type is also 
encountered and corresponds in virulence to the matt 

VuAUity . — ^The thermal death-point is about 54° C. for half an hour. 
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The organism can survive for days, weeks or months in dust, particularly 
if protected from daylight; laboratory cultures do not survive for long 
iinlftsa stored at c. 3-5° C., preferably in blood broth or cooked-meat 
mpdiiiTn. Like staphylococci, Strept. pyogenes is highly sensitive to the 
antispetic dyes, e.g. proflavine, but is more resistant than staphylocoed 
to crystal violet; it is sensitive to sulphonamides and to a wide range 
of antibiotics. It is more sensitive to bacitracin than o&er haemol^c 
streptococci and this phenomenon can be used for preliminary grouping. 

Biochemical Reactions.— These have, in the past, been extensively 
used for the differentiation of ^-haemolytic streptococci but have largely 
been replaced by serological procedures; certain reactions cap be 
employed to recognise species within a particular serological groups. 

Antigenic Characters.— ^-hsemoXytxc streptococci can be allocated to 
one of 15 serological groups (A-Q; no groups designated I or J) bd|ed 
on the group-specific carbohydrate antigens, present as structural com- 
ponents of the cell wall; these can be extracted in soluble form and 
identified by precipitation reactions with the corresponding antisera. 
The groups are, in general, related to various animal hosts; the majority 
of strains from man belong to group A. 

Group A streptococci also possess one or more additional antigens 
(M, T, R) of a protein nature. M antigens are type-specific, located at 
or near foe cell-surface whence they can be removed with trypsin 
without destro)dng foe organism; they resist heating at low pH, e.g. 
pH 2 for thirty minutes at 100° C. M antigens occur in organisms 
producing matt or mucoid colonies but are absent from glossy, avirulent 
colonies. 

T antigens, so-called because they were originally considered to be 
type-specific, frequently occur along with M antigens, but they are 
distributed independenUy of the latter and are not type-specific. Unlike 
M antigens, the T antigens resist digestion by proteolytic enzymes and 
are destroyed by heating at an acid pH ; they occur in avirulent as well 
as in virulent strains and can be detected in intact streptococci by means 
of agglutinating antisera. 

R antigen was long regarded as a unique, type-specific M protein 
characterising t^e-28 strains; but a similar, serologically distinct, R 
antigen occurs in type-3 strains; the importance of R antigens lies in 
their liability to confose type identification. 

The serological techniques involved in group an d type identification 
of Strept. pyogenes are dealt with on pp. 159-61. 

Pathogenicity* — Recently isolated cultures are usually pathogenic 
to rabbite, mice and guinea-pigs, producing local inflammatory and 
suppurative lesions on subcutaneous inoculation; intravenous injection 
usually results in septicaemia with the formation of multiple pyaemic 
abscesses if the aninial survives. The pathogenicity of group A strep- 
tococci is directly related to the M protein content rather than to specific 
exotoxins {vide infra) ; the latter cannot be effective until the organisin 
has successfully established itself in the host tissues. 

Senun containing M antibodies has a protective effect against in- 
fection with the homologous serotype; T and R antigens have no 
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known relationship to virulence and their antibodies have no protective 
influence in experimental infections. 

The virulence of group C streptococci for mice is related to the 
production of capsules composed of hyaluronic acid; the injection of 
hyaluronidase protects mice again 1,000-100,000 MLD of such 
strains, whereas it has very little protective value against experimental 
infection with ^oup A streptococci. Yet the hyaluronic add of the 
capsules of strains belonging to groups A and C is chemically identical, 
and equally large capsules, composed of this polysaccharide, are formed 
by streptococci of both groups. 

In addition to the cellular constituents mentioned above, Strept, 
pyogenes produces several exotoxins. Two distinct haemolysim can be 
recognised; O-streptolysin which is oxygen-labile but can be reacti- 
vated by reducing agents and is produced in serum-free broth; and 
S-streptolysin, which is not oxygen sensitive and not produced in 
serum-free broth. These two streptolysins are antigenically distinct 
and both are toxic to animals; the S-streptol 3 rsin is responsible for 
jS-haemolysis occurring on blood agar cultures grown aerobically. 

Leucocidal activity can be demonstrated in vitro with culture filtrates 
of Strept. pyogenes; streptococcal leucocidin may be identical with the 
O-streptolysin. 

FiMnolysin (streptokinase) is present in culture filtrates of recently 
isolated strains and causes rapid lysis of human fibrin in vitro. 

Hyaluronidase is produced by many strains; this product gives in- 
creased permeability of tissues by hydrolysing hyaluronic add, which 
forms the cement substance in tissues. 

Erythrogenic toxin is so designated because it produces an erythema 
when injected intradermally in susceptible persons or animals. The 
role of this toxin in scarlet fever is dealt with below. 

Pathogenesis. — Strept. pyogenes is the principal aetiologic agent in 
tonsillitis and scarlet fever and the organisms can be isolated in large 
numbers from the throat; on recovery, the patient may continue 
to harbour the organi sms for t^uying periods. A feature of strepto- 
coccal infection is its tendency to spread locally to neighbouring tissues, 
e.g. from the throat to the middle ear, or by Ae lymphatics to regional 
l)m)ph glands. Strept. pyogenes also causes primary skin infections 
(impetigo, erysipdas) and occurs in infected woun<b (cellulitis) and 
burns, puerperal sepsis, localised abscesses and in suppurative adenitis, 
otitis media, mastoiditis, arthritis, etc. Health individuals may act as 
carriers of Strept. pyc^enes, the site of carriage con^only bong &e 
throat and less frequently the nose; secondary extensive conta m i n ati o n 
of the body and clothing of the carrier may occur, particularly if he » a 
itasal carrier. 

Strept. pyc^enes is also causally related to acute rheumatism and 
acute glomerulo-nephritis (q.v.). 

Scarlet Fever (Scarlatina) 

Group A streptococd of any serotype may cause this disease pio- 
rided that the Mnun produces erytiirogenic toxin and the host lacks 
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immunity to the latter. The site of infection is usually in the upper 
respiratory tract, most frequently on the tonsils; the terms puerperal 
and surgical scarlet fever are employed when the primary lesion is in 
the puerperal uterus or in a wound or bum. 

The Dick Test is a biological test which determines the immune 
status of an individual to erythrogenic toxin ; it is performed by inject- 
ing intradermally, 0*2 ml. of a standardised preparation of erythrogenic 
toxin (Dick Test Toxin) in the flexor surface of one forearm and, as a 
control, a similar volume of the same material previously heated to 
destroy the erythrogenic toxin (Dick Control Fluid) may be injected 
into the skin of the other forearm. I 

In a positive (susceptible) reaction, an erythematous area at deast 
1 cm. in diameter appears at the site of the test toxin injection within 
six to sixteen hours and begins to fade in the next twenty-four hoiirs; 
the control fluid injection site shows no response. 

Dick testing was employed particularly to test the immune status of 
nursing and medical attendants in scarlet fever units as a preliminary to 
active immunisation of positive reactors with erythrogenic toxin. This 
latter procedure is no longer undertaken and Dick testing is rarely 
performed. 

Schultz-Charlton Reaction . — This reaction is occasionally employed 
clinically to assist diagnosis in doubtful cases of scarlet fever. It was 
originally performed with serum from convalescent cases of scarlet 
fever; such serum, containing erythrogenic antitoxin, when injected 
intradermally in a patient with a scarlatinal rash causes a local blanching 
or extinction of the rash within six to eighteen hours. In practice, the 
test is now performed with antitoxin obtained from animals which have 
been actively immunised with erythrogenic toxin. 

Acute Rheumatism 

The aetiologic relationship of group A streptococcal infections to 
acute rheumatism was first postulated on clinical grounds more than 
sixty years ago. Early attempts to isolate such strains from the blood 
stream and affected tissues did not succeed, but confirmation of the 
relationship was obtained from epidemiologic studies; further evidence 
implicating Strept, pyogenes has accrued from recent bacteriologic, 
serologic and chemotherapeutic investigations. 

The use of penicillin or other appropriate antimicrobial drug for the 
prevention of recurrences in rheumatic subjects and the elimination of 
acute rheumatism as a sequel to streptococcal infections in non- 
rheumatic individuals has afforded the most convincing evidence of the 
part played by Strept. pyogenes in inciting acute rheumatism. 

Acute Glomerulo-nephritis 

Unlike other diseases caused by group A streptococci, acute glom- 
1 associated with only a few specific serot 3 q>es, namely 

12, 25 and 4; type-12 strains are the commonest of these nephritogcnic 
types, both m sporadic cases and in epidemics of nephritis. Experi- 
mental studies indicate that the nephritogenic agent produced by type-12 
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strains is of a pol 3 rpeptide nature and when administered intravenously 
in low do«^ to rabbits produces the clinical picture of nephritis; 
histologic examination of kidney tissue from these animals shows lesicms 
characteristic of die disease (Matheson & Reed, 1959). 

Epidemiology 

The factors influencing the spread of infection caused by Sirepr. 
pyogenes are numerous; certain bacterial factors that determine the 
virulence of a strain have already been mentioned. 

Sources of infection are cases of any one of the recognised clinical 
illnesses caused by Strept. pyogenes and also carriers; the modes of 
spread are probably similar to those of other organisms discharged 
principally from the upper respiratory tract, namely, direct spread which 
includes spread by large droplets projected directly from one individual 
to another (droplet spray) as well as by more intimate associations, 
airborne spread by dust and indirect spread by fomites (books, toys, etc.). 

Carriers are not all equally dangerous to Ae community; the factors 
determining the importance of a carrier are: children are more 

likely to transmit infection than are adults, probably because they have 
greater opportunities to infect susceptible contacts at school, etc.; 
duration of carriage — chronic carriers are less commonly the source of 
new infections than are convalescent carriers; perhaps increasing 
duration of carriage is associated with reduced M protein production 
and consequently reduced virulence of the strain ; location of the organ- 
isms — although nasal carriers of Strept. pyogenes are less common than 
throat carriers, they are much more dangerous because of the large 
numbers of streptococci they disseminate in the environment. 

Factors affecting host susceptibility are: age — school-age children 
experience a high incidence of infection, probably due to increased 
exposure but perhaps also because they are more susceptible; pre- 
existif^ disease — patients suffering from virus respiratory infections 
(measles, influenza, etc.) are particularly liable to secondary strepto- 
coccal infections, including scarlet fever; familial susceptibiUty — acute 
rheumatism is not infrequently seen in particular families; wheffier this 
is due to environmental and/or hereditary influences is still not clear. 
It has been shown that, in comparison with a rheumatic-free group of 
children, a similar group with rheumatic fever contained a significantly 
higher proportion of Lewis* secretors (Glynn & Holborow 1952). 
Prospective studies should reveal whether such individuals, *.«. non- 
secretors of A, B and H blood-group substances, are more prone to acute 
rheumatism; previous infection toith group A streptococci — rt^very 
from such infection is accompanied by the formation of M antibodies 
which are type-spec^c and long-lasting; re-infection with a strain of 
identical serotype is unusual. 

Laboratory Diagnosis 

In taidng a ffiroat swab from a suspe^ case of tonsiflitis it is essential 
that a spatula be employed so that after inspection ffie affected area can 
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be swabbed accurately and without unnecessary contamination fror 
the buccal cavity; swabbing should not be undertaken within six hour 
of gargling with antiseptics. 

Serum-coated swabs are distinctly advantageous in ensuring th< 
survival of Strept. pyogenes (Rubbo & Benjamin, 1951) ; the swal 
should be transmitted to the laboratory promptly, and if a delay oi 
twelve or more hours is expected, the swab should be stabbed into j 
tube of modified Pike medium. 

Gram-stained films of throat swabs are of no value in diagnosis 
since the commensal streptococcal flora is indistinguishable from Strept. 
pyogenes in such preparations; on the other hand, a direct smear. from 
swabs of burns, pus, etc., is worth making, provided that anyt con- 
clusions resulting from its examination are regarded as tentative. ) 

As well as attempting isolation of Strept. pyogenes from the throat 
swab, media designed to selectively isolate C. dt^AlAerwemaybeusedand 
also Ae preparation and staining of a film to exclude Vincent’s 

The medium recommended for the isolation of Strept. pyogenes is 
crystal-violet blood agar (CVBA) (blood agar contai ning a 1 in 
500,000 or 1 in 1,000,000 concentration of crystal violet added from a 
1 in 10,000 stock solution); plates of this medium should be incubated 
anaerobically as well as aerobically. A disk impregnated with bacitracin 
should be placed in the well-inoculum of the plates before incubation to 
ensure rapid recogmtion of group A strains (Maxted, 1953). 

If group identification of i3-haemolytic colonies on the CVBA is 
not contemplated, then Gram-stained film preparations must be ex- 
amined to ensure that the organisms are Gram-positive cocci; not 
dissimilar colonies are given by haemolytic haemophili and certain 
corynebacteria. 

^-haemolytic streptococci of groups other than group A are only 
occasioi^ly incriminated as human pathogens; such strains belong 
^most invariably to groups C, G, B and, in the case of urinary tract 
infections, to group D. 

Group C.— Predominantly animal parasites; 4 biochemical types 
are r^^iis^ and that designated Str^t. equisimilu is most commonly 
associated with human disease, e.g. it has been found in cases of puer- 

been isolated from cases of cellulitis, 
tonsillitis, wounds and scarlet fever. 

majority of strains have been-found as commensals 
m the huimn subject; its pathogenic role is virtually restricted to 
puerperd infections; it has been responsible for epidemics of canine 


ft on blood agar do not produce such marked 

^-haemolysa as do group A strains. Some strains give a-hacmolysis 
or are non-haemolytic. Most often associated with bovine mastitis it is 
^ ^countered as a commensal in the human vagina and throat. It 

S ^ been recorded 

infection, including cases of ulcerative 
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Group D. — Originally described as jS-haemolytic. Such strains 
were isolated from human faeces and the vagina, and their relationship 
to the enterococcus was recognised. The group includes strains that 
are devoid of haemolytic activity; they may be classified according to 
their biochemical activities as shown in the following table. 


Biochemical **types** of Group D streptococci 


Type 

Sorbitol 

Arabinose 

Gelatin 

Liquefaction 

Growth at 
pH 9-6 

Haemolysis 
on Horse- 
blood Agar 

Strept, faecaUs 
var. faecalis , 

A 

- 

- 

+ 

- 

var. liquefactens 

A 

- 

4- 


- 

var. zynu^enes 

A 

- 

+ 


p 

Strept, faecium . 

- 

A 

- 


a 

Strept, durans , 


- 

- 

- 

ot or p 

Strept. bovis 

— 

A 

— 

— 

ot 


Key: Fermentation Reaction : A = acid produced; — = no fermentation. 


Prophylaxis. — The spread of Strept. pyogenes from infected cases 
can be limited by early penicillin therapy. In semi-closed commumties 
measures aimed at reducing the streptococcal population of the environ- 
ment, e.g. oiling of floors, bed-linen and patients’ bed-wear, are succep- 
ful, but only in certain circumstances is this reduction accompanied 
by a similar fall in morbidity rates. 

In the past, persons at special risk, e,g. the staff of infectious dise^e 
units who were Dick-positive reactors were actively immunised with 
erythrogenic toxin; this is no longer advocated, not only because of 
the multiple injections required and the frequency of their side-effects 
but also since the protection thus afforded was antitoxic and did not 
reduce the incidence of infection wifli Strept, pyogenes. Prompt eradica- 
tion of Strept, pyogenes from cases being treated in hospital is the most 
effective way of controlling infection in nurses and other susceptible 
contacts (Jersild, 1959). 

Chemoprophylaxis with sulphonamides was practised during the 
Second World War, but the emergence of sulphonamidc-resistant 
strains discouraged such a practice. 

Tonsillectomy has no prophylactic value either in reducing Strept, 
pyogenes infections in the upper respiratory tract or in protecting 
rheumatic subjects against recurrences. 

Prevention of Acute Rheumatism,— The prompt and effective 
nient of streptococcal sore throat with penicillin eliminates the riA of 
acute rheumatic sequelae. Therapy should be mstituted as soon as tiie 
diagnosis has been confirmed and preferably within seven days 
onset; penidlUn therapy should, however, s^ be undertaken even if 
a case does not come under nwdical care until this pmod has elapsed. 













156 MEDICAL MICROBIOLOGY 

Sulphonamides should not be used in treatment of streptococcal infec- 
dons, since they are bacteriostadc and the organisms are not eradicated. 
It is essendal ^t adequate blood levels of penicillin should be main- 
tained for seven to ten days, even although the padent has fully re- 
covered from the infecdon. 

It is recommended that persons with a previous history of acute 
rheumadsm should be protected against streptococcal infection by 
condnuous prophylaxis (Report, 1957). Provided that the person is 
initially free of Strept. pyogenes, sulphomanides may be employed in 
small daily doses. Penicillin, preferably a long-acdng preparation 
given intramuscularly, is a better agent for long-term prophylaya jjj 
such cases. Not only is there 100 per cent, reducdon in recurrence: rate 
of acute rheumatism compared with an 85 per cent, reducdon in t^ose 
receiving sulphonamides, but monthly intramuscular administrddon 
ensures regular medical supervision and eliminates the possibility of 
interrupted prophylaxis associated with oral administration. Alter- 
nadvely, daily doses of oral penicillin (200,000 units) may be given, but 
control of medicadon is less certain and a break in prophylaxis need 
only be brief for the subject to be again at risk. 

Community control of streptococcal infection is being undertaken 
in some areas in the U.S.A. with a view to preventing first attacks of 
rheumatic fever (Bunn & Bennett, 1955; Phibbs et al., 1958). 

Prevention of Acute Glomerulo-nephritis. — From published evidence 
(Rammelkamp, 1955) it would appear that the prophylacdc value of 
treating the primary streptococcal illness with penicillin is not so 
dramadc as in the case of rheumatic sequelae; even with adequate 
dosage of penicillin given in the primary infecdon the incidence of 
acute nephritis was reduced by oiJy 60 per cent. 

Streptococcus viridlaiis 

Morpholep and Staining.— Smdhx to Strept. py(^enes\ no signific- 
ance should be attached to length of chains in differendation. 

Cultural C/wrodeff.— Essentially similar to Strept. pyogenes in 
cultural requirements. 

Blood agar. Colonies tend to be smaller and more convex than 
those of Strept. pyogenes and produce disdnedve changes in blood agar; 
surrounding the colonies there is a zone of partial haemolysis and 
greeimh discolouradon with, often, a thin outer rim of complete lysis, 
especially in cultures stored in the refrigerator after incubation. The 
green colouration is best demonstrated on heated blood-agar. 

FiaW%.— Thermal death point is approximately 55° C. for half 
an hour. Survival in nature and in laboratory cultures is aimilar to 
that of Strept, pyogenes, 

B^hemscal Reactions, — ^These have been studied in an endeavour 
to differentote species within the group but with little success. From 
the metoc^ viewpoint the value_^of such reactions lies in the dtfieiend- 
ation of Strept. virtdans from pneumococci; the relative rarity with 
which Strept. vtridam ferments inulin has been used for such purposes 
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but has been superseded by tests for bile solubili^ and optochin 

sensitivity. 

Antigemc Characters. — ^Apart from the fact that strains of Sirept. 
viridans do not possess carbohydrate group antigens lUce jS-haemolytic 
streptococci, little is known of their antigenic structure. Several dis- 
tinct serotypes have been recognised in strains isolated from healthy 
mouths and from cases of subactute bacterial endocarditis. 

Pathogenesis. — Strept. viridans occurs in the throat and mouth secre- 
tions of virtually all persons and there leads a conunensal existence; in 
individuals with predisposing cardiac lesions, e.g. rheumatic endocar^tis 
and congenital defects, Strept. viridans is incriminated as the commonest 
cause of subacute bacterial endocarditis. This is an endogenous infec- 
tion, the organisms gaining entry to the blood stream in subjects with 
poor dental hygiene, particularly during dental therapy even of a con- 
sejrvative nature. In the otherwise healthy individud the streptococci 
are rapidly eliminated from the blood stream, but in those with heart 
lesions of a congenital or rheumatic nature the organisms may settle in 
or on the defective valves. Strept. viridans and other non-haemolytic 
streptococci are commonly found in carious teeth and as the major 
infecting organism in dental pulp and periapical infections. 

Laboratory Diagnosis. — Strept. viridans is almost constantly present 
on blood agar media inoculated from throat swabs and sputum; in such 
cases it is important to differentiate it from pneumococci. In the du^- 
msis of subacute bacterial endocarditis, repeated blood culture should 
be undertaken; venepuncture should preferably be performed during 
pyrexial episodes and the blood inoculated into a good substrate broth 
medium which may contain saponin to prevent clotting. Growth 
appears after a few days’ incubation, usually as small compact colonies 
on the surface of the blood layer, provided that the culture bottle is 
left undisturbed. 

Chemotherapy. — Penicillin remains the drug of choice in subacute 
bacterial endocarditis due to penicillin sensitive strains of Strept. 
viridans. A combination of penicillin and streptomycin has proved 
effective in infections with penicillin resistant strains of Strept. viridans 
or Strept. faecaUs. 

Prophylaxis. — Individuals with congenital or other valvular cardiac 
defects should be given penicillin before having any dental attention 
and such protection continued for at least two days lliereafter. 


Str^tococcus foecalis (Enterococcus) 

Morpholf^ and Staining. — Usually oval in shape and occur in 
pairs or short chains. 

Cultural Characters. — Colonics are similar to those of Strept. 
Pyogenes, but rarely is any chai^ noted on blood agar media. 

MacConkey medium.— Colonies arc minute, 0-5-1 mm., and usually 
**>agenta-colourcd. 

Withstand exposure to 60° C. for thirty miimtes, wWch 
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Icills other streptococci; similarly, Strept. faecaUs bss a much wide, 
growth range, 10^-15^ C., and has considerable viability in culture. 

Biochemical Reactions . — In contrast to other aerobic streptococci 
Strept. faecaUs is capable of growing on media containing bile salts’ 
{e.g. MacConkey’s) and in the presence of 6-5 per cent NaCl ; fermenta. 
tion of mannitol with gas production also differentiates enterococci from 
other streptococci. 

Antigemc Characters . — Characteristically belong to sero-group D 
and biochemical types within the group can be recognised (p. 158). 

Pathogenicity . — Lead an essentially commensal existence in the 
human and animal intestine but are not infrequently incriminated in 
urinary tract infections, sometimes alone but more often in asscxSation 
with Esch. colt, etc. They are also rarely causative organisms in subVcute 
bacterial endocarditis. 

Laboratory Diagnosis . — Routine plating of urine specimens on 
MacConkey’s as well as blood agar medium allows ready recognition 
of Strept. faecaUs. 

Anaerobic streptococci 


Streptococci that can grow only as obligate anaerobes have been 
recognised for several decades and the pathogenicity of some of these 
for niM is undoubted ; nevertheless, they have attracted relatively little 
attention and Peptostreptococcus putridus is the only well-documented 
species. 

Morphology and Staining.— Gram-positxve cocci resembling aerobic 
s^ptococci but frequently much smaUer (0 5 /t or less) and exhibiting 
pleomorphism in artificial culture. 


Cultm^ Characters.— Pdt&r anaerobic incubation for forty-eight 
ho^, colonira in blood agar are smooth, low-convex, approximately 
1-Z mm. m ^meter; no alteration occurs in the medium. Cultures, 
e.g. m meat broth, usually give off an exceptionally foul odour. 

Btod^al Reactions.— \ttempta have been made to classify the 
ai^robic streptococci on the basis of such reactions; provided ^t a 
sulphur compound is present {e.g. 01 per cent, sodium thioglycoUate) 
m Ae medium, Pepto. putridus strains ferment glucose, m^mse and 
iructose with abundant gas production. 

i**bitat is the 

ra^na, so far they have not been isolated from-the upper respiratory 
iWtimSS^ contents or the skin of healthy penooa. P^to.putridus 
orednitat/^H h P“e*pe^ sepsis, probably as an endogenous infection 
been f traum and Ae presence of necrotic material ; it has also 

abscess, infected wounds, e.g. post-(merative 
gangrene and anaerobic streptocrccS myowtis. 
isol^t^ ^«^.--Strictiy anaerobic metiiods are required if 
f r*’® auc^ful. Inoculation of blood agar £tes and 
fo?jy-aght hours in a McIntosh and FildraMafproduces 

of 



STREPTOCOCCAL INFECTIONS: ANIMALS 159 

trains are sensitive to penicillin which should be 
employed therapeutically. 

Streptococci in Diseases of Domesticated Animals 

Streptococci are relatively infrequent in suppurative lesions of shew and 
swine, but are not uncommonly associated with mastitis of cattle and with 
strangles and contagious pleuropneumonia of horses. 

Bovine Mastitis 

Streptococci are frequently found as the sole organism, especially in 
chronic mastitis {StrepU agalactiae); such streptococci vary in their action on 
blood agar and may exhibit a- or jS-haemolysis or none. They belong to 
Lancefield group B and identification with group-specific antiserum has 
replaced fairly extensive biochemical testing. 

Another streptococcus occurring in bovine mastitis is designated StrepU 
dysgalactiae and is non-haemolytic ; serologically it belongs to group C; 
biochemical differentiation of StrepU dysgalactiae from group C strains 
associated with other hosts may be undertaken as in the table. 



Lactose 

Trehalose 

Sorbitol 

StrepU dysgalactiae 

i. 

± 

V 

StrepU equi (horses) 


— 

— 

StrepU equisimUis (human) 

V 

± 

— 

Str^t. zooepidemicus (animals) 

1 

— 

X 


Key: i. « acid produced; v = acid production variable; — —no reaction. 


Laboratory Diagnosis of Bovine Mastitis , — Centrifugal deposits from milk 
samples are plated out on a medium comprising 2 ml. 0*1 per cent, crystal 
violet, 1 g, aesculin and 50 ml. defibrinated ox-blood in 1 1. of Lemco agar 
(pH 7*4). Many of the other organisms present in milk are inhibited by the 
crystal- violet and these which are dye-resistant usually produce black colonies 
in the presence of aesculin and can be readily differentiated from streptococci. 
Pure cultures of any streptococci isolated are obtained and their serological 
group determined; if the strain belong to group C it can be biochemically 
identified as in the table. 

Serologic Identification of jS-haemolytic Streptococci 

Lancefield Grouping . — Extraction of group-specific polysaccharide 
can be undertaken by one of the following methods: 

(1) Acid extraction 

The centrifuged deposit from 50 ml. of ovemght culture in Todd-Hewitt 
broth is harvested in a 3xJ in. test-tube. The deporit is thoroughly 
re-suspended in 04 mL of 0-2 N HCl. Place tube in a boiling water-bath. 
After ten minutes^ exposurCt remove tubes from bath and allow to cool. Add 
1 drop of 0*02 per cent phenol red. Neutralise carefully with 0*5 N and 
0 2 N NaOH. The clear supernatant obtained by centrifugation is the 
extract. 
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(2) Formamide extraction 

The centrifuged deposit from 5 ml. of overnight culture in Todd-Hewitt 
broth is re-suspended in 0-1 ml. of formamide in a 3 x i in. test-tube. Place 
tube in oil-bath at 160® C. for fifteen minutes; centrifuge and discard any 
deposit. Mix supernatant with 0*25 ml. of acid-alcohol and centrifuge. 
0*5 ml. of acetone is added to the new supernatant and the precipitate obtained 
by forther centrifugation is dissolved in 0-4 ml. of saline. Add 1 drop of 
phenol red and neutralise with 0*2 N NaOH. 

(3) Enzyme extraction 

Suspend a loopful of growth from an eighteen-hour blood-agar culture 
in 0*25 ml. enzyme solution (see below) contained in a flocculation tube. 
Place tube in 50® C. water-bath. Inspect tube at one, one and a half and two 
hour periods, and when contents are clear, use as extract. ; 

The enzyme is produced from a Streptomyces albus growing in \\the 
following medium. 


NaCl . 

. 5 g. 

K 2 HPO 4 

• 2 g. 

MgSO^, 7H,0 

• 1 g- 

CaCIj . 

. 0 04 g. 

FeS 04 , 7 H 2 O 

. 0 02 g. 

ZnS 04 , 7HisO 

. 001 g. 

Yeastrel 

• 5 g. 

Agar powder . 

• 11 g. 

Distilled water 

. 1 1 . 


Place suitable amounts (75-100 ml.) in Roux bottles, sterilise and add 
aseptically glucose and casmino acids, each in a final concentration of 0*5 
per cent. pH should be 7*0-7 4. 

( 1 ) Inoculate the surface of above medium by flooding with Streptomyces 
albus glucose-broth culture. 

(2) Incubate at 30-37® C, for four to five days. 

(3) Place Roux bottles in a — 10® C. refrigerator and then allow to thaw 
out; the fluid expressed on thawing is the enzyme solution. 

(4) Adjust pH to 7*5 by adding I N HCl; fflter through a Seitz disk. 

(5) Test for potency of the filtrate by adding 0*1 ml. of a heavy suspension 
of heat-killed group A streptococci to 0*4 ml. of the enzyme preparation. 
Place in a 50® C. water-bath along with a tube containing a control mixture 
in which the enzyme has been destroyed by heating. An active preparation 
will lyse the streptococcal suspension in one-half to one hour. 

( 6 ) Stored in the cold with 0*5 per cent, phenol as preservative, the 
preparation keeps well and is active over a pH range of 5 *6-9*6. 

The enzyme extraction method (Maxted, 1948) is reliable for strepto- 
cocci in groups A, C or G; for other groups the acid (Lancefield, 1933) 
or formamide (Fuller, 1938) meAods are preferred, the latter being less 
likely to give minor cross-reactions occasionally encountered with acid 
extracts. Group O polysaccharide is sensitive to foimamide so that 
such extracts not react with O antiserum. Acid extracts can also be 
used for identification of type-specific M antigens. 

Precipitation Test for Grouping of Strept. pyogenes.— This may be 
pertormed m the narrowing neck of small Pasteur pipettes. A small 

1 Obtainable from NCTC, Colindale Avenue, London. 
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volume of group A antiserum is placed in the pipette and the antigenic 
extract carefully superimposed. If the extract contains polysaccharide 
specific for group A, then precipitation will be observed at the interface 
with the serum within five minutes; reactions appearing after this time 
should not be regarded as positive. Extracts should also be tested with 
antisera for groups C and G routinely, and if necessary with other 
group sera. 

In order to conserve serum, tests may be performed in capillary 
tubes; a |-in. column of serum is run into the tube, the exterior of 
which is carefully wiped before an equivalent volume of antigen extract 
is introduced. The contents are allowed to run well up the tube and 
the upper end is then occluded with the forefinger until the tube has 
been placed in a plasticine block. Macroscopic precipitation should 
be evident within the time limits stated above if the reaction is positive. 

Type Identification of Group A Strains . — All strains should be tested for 
type both by agglutinating (T) and precipitating (M) antisera, since a smaller 
percentage of strains will thus be regarded as untypable than when either 
method is employed alone (Williams & Maxted, 1953). 

Slide agglutination test. — ^The strain is grown in 5 ml. of Todd-Hewitt 
broth at 28® C. for eighteen to twenty-four hours and the centrifuged deposit 
thoroughly resuspended in 0*5 ml. of supernatant broth. Provided that the 
suspension is not granular, 6 loopfuls are placed on a clean glass slide and 
each then mixed with a small (1 mm.) loopful of pooled antisera and the slide 
rocked to and fro for one minute. Agglutination may be noted with one 
of the pool antisera and fresh loopfuls of suspension should then similarly 
be tested with all the specific sera comprising that particular pool. Strains 
may react in more than one type-specific serum, but the pattern of such 
reactions is epidemiologically significant. 

Granular suspensions and diose that react with many sera should be 
treated as follows: Add 1 drop of B.D.H. Universal Indicator and 2 drops 
of pancreatic extract to the suspension; adjust the pH to 8-8*5 with 0*2 N 
NaOH and place in 37® C. water-bath for one hour, shaking the tubes every 
fifteen minutes. On re-testing with pooled and specific antisera as above, 
many such strains will react normally; if results are still unsatisfactory, a 
further period of fifteen minutes in a 50® C. bath may be tried. 

Precipitation test. — ^Acid extracted antigen prepared for group deter- 
mination is used. Using the results of slide agglutination as a guide, the 
extract is tested against the relevant antisera by the capillary tube method. 
The mixtures are incubated for two hours at 37® C. and results noted; after 
overnight refrigeration the tubes are again examined. 


THE LACTOBACILU 

This genus belongs, as do the streptococci, to the family Lacto- 
bacillaceae. The lactobacilli constitute a group of acid-resistant (add- 
uric), Gram-positive, non-sporing badlli, which occur in the intestine of 
mammalian animals and are particularly numerous during the stage of 
suckling. Thus, in breast-fed infants such organisms may constitute 
the predominant flora of the intestine, and two main types, Lacto. 
acidophilus and hacto. bifiduSj hAve been recognised and specially 
studied. 
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Organisms of this group form one of the main elements of the 
commensal flora of the human alimentary canal, including the mouth, 
stomach and intestine, and occur also in the vagina and on the skin. 
They are found in cow’s milk, silage and bran. 

Lactobacillus acidophilus 

So called because it is able to flourish in a highly acid medium 
(pH 4*0), it occurs in the faeces, saliva and milk. In morphology it is 
a relatively large, non-sporing, non-motile, Gram-positive bacillus. 
The individual organisms vary in length, and may appear even in short 
coccal forms. Some are about 1 ft broad, but slender forms majy be 
noted, and there is a tendency to chain formation. The organism (thus 
shows considerable pleomorphism. It may be cultivated under aeibbic 
conditions on whey agar at 2T C., but when first isolated it tends t^be 
micro-aerophilic and grows best at a reduced oxygen tension. The 
colonies are small, and vary in appearance as seen under the low power 
of the microscope; two main types are described: (1) “feathery”, in 
appearance not unlike a Cl tetani colony and (2) rounded with 
projecting outgrowths (“crab-colony”). A convenient method of 
obtaining cultures from faeces is to inoculate broth, to which is added 
0*5 per cent, of glacial acetic acid; after incubation, subcultures can 
be made on agar plates under aerobic conditions. 

This organism produces acid fermentation of glucose and lactose 
without gas formation. It also ferments maltose, whereas Lactobacillus 
bulgaricuSy a related organism originally isolated from Yoghurt (a 
fermented milk), has usually no action on maltose. The latter organism 
cannot grow in the intestine of man. It is a thermophile, the optimum 
temperature being 45 ‘^-62^" C. 

Closely related organisms are Bacillus acidophilus odontolyticus de- 
scribed in association with dental caries, the so-called Boas-Oppler 
bacillus found in the stomach contents in conditions in which the 
hydrochloric acid is absent or deficient, and DoderleirCs bacilluSy which 
is found normally in the vagina. 

Dental Caries . — This destructive condition is noted in its earlier 
stages by discolouration of the enamel of the tooth and loss of trans- 
lucencty; cavity formation follows and at the dentino-enamel junction 
there is always lateral extension of the process with progressive soften- 
ing into the dentine. 

For many years there have been differing opinions on the part played 
by bacteria, particularly lactobacilli, in promoting caries; their role 
has been confused with that of cariogenic foodstuffs, but even with such 
a diet, caries does not apparently occur in the absence of bacteria. 
Thus, germ-free rats do not develop caries with a cariogenic diet unless 
streptococci or lactobacilli are added to the food, when caries develops 
rapidly in the molar teeth. 

Liutobadlli Counts . — It is known that there is a quantitative differ- 
ence in the number of lactobacilli in the mouths of those prone to caries 
in comparison with those who are apparently immune. The estimation 
of lactobacilli is thus of increasing importance in dentistry: the salivary 
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flow is activated by the person chewing a small piece of paraffin wax 
for ten minutes ; saliva is collected in a sterile container as it is produced 
and the volume made up to 10 ml. with sterile saline. The lactobacillus 
count is the number of lactobacilli present in 1 ml. of this standard 
specimen; the sample is serially diluted in broth or peptone water and 
distributed in 0-1 ml. quantities on a medium selective for lactobacilli, 
e.g. Kulp’s tomato peptone agar plates. After three or four days’ 
incubation at 37° C. counts of more than 10® lactobacilli per ml. of 
saliva are often taken as indicative of caries activity. In the same 
individual, significant reductions in the count are noted when a non- 
cariogenic diet is taken. 

Lactobacillus bifidus (Bacillus bifidus) 

This organism derives its name from the apparently bifid appearance 
described by the original observers. It is found in large numbers in 
the faeces of breast-fed infants. Its average dimensions are 4 /i by 
0-5-0-7 11 , but it displays considerable pleomorphism. The ends are 
often expanded. Three bacilli together may be arranged like a Y. 
Though usually Gram-positive, there is a certain amount of variation 
in its reaction to Gram’s staining method. 

In primary culture it is a strict anaerobe. Cultures have been 
obtained at 37° C. in tubes of neutral lactose-broth containing a piece 
of sterile rabbit kidney, with a layer of sterile vaseline superimposed 
on the medium. After several days’ growth, subcultures are made on 
glucose agar plates which are incubated anaerobically. Pure cultures 
on glucose agar can be obtained from single colonies. The organisms 
may ultimately become microaerophilic. Glucose, sucrose, maltose and 
various other sugars are fermented with acid production, but no gas. 




CHAPTER 11 


PNEUMOCOCCUS 

(Diplococcus pneumoniae) 

The causative organism of lobar pneumonia; also incriminated in 
acute and chronic infections of the respiratory tract, in conjunctivitis, 
otitis media, meningitis, peritonitis, arthritis, etc. 

Morphology and Staining . — Characteristically appears as an oval or 
lanceolate Gram-positive coccus in pairs with the long axes in line with 
each other; approximately 1 /u. in its long diameter and capsulate. In 
culture the appearance is less typical, the cocci being more rounded 
with a tendency to occur in short chains in liquid media; capsulation 
is not evident. 

Cultural Characters . — Aerobe and facultative anaerobe; tempera- 
ture range 25°-40° C., optimum 37° C ; grows on ordinary media but 
best on blood or serum-enriched media. The addition of glucose [e.g. 
01 per cent.) to culture media promotes growth and similarly cultivation 
in an atmosphere of 5 per cent. COj is advantageous. It should be 
noted in the preparation of broth for the cultivation of pneumococci 
that they may be inhibited by an oxidised constituent of the peptone; 
this can be prevented by adding the peptone to the medium before 
heating so that it is later subjected to the reducing action of the meat 
infusion; commercial peptones may also contain metallic impurities 
which are responsible for inhibitory effects on the growth of the 
pneumococcus. 

Blood agar. — Colonies are small (1 mm. in diameter), semi-trans- 
parent and are usually surrounded by a zone of a-haemolysis which 
may cause confusion with Strept. viridans', unlike the latter, the colonies 
are at first plateau-shaped and later develop elevated margins and con- 
centric ridges — ^the so-called draughtsman colony. Green pigmentation 
is more obvious when the organism is growing on heated blood agar. 

Viability . — Thermal death point is about 52° C. for fifteen minutes. 
Ordinary laboratory cultures lose viability rapidly; cultivation in a 
semi-solid agar containing blood ensures longer survival and for main- 
tenance of culture over long periods, rapid drying in vacuo eliminates 
the need for frequent subculture. Repeated in vitro cultivation leads 
to transformation from the smooth (S) to the rough (R) form, a change 
associated with loss of capsule formation, t 3 q)e- 8 pecificity and virulence. 

Biochemical Reactions . — Ferments various carbohydrates and differs 
from the majority of Strept. viridans strains by frequently ferm^ting 
inulin; such tests may be performed in Hiss’s serum vrater or in the 
semm agar medium used for testing the biochemical reactions of 
neisseriae. There are other more specific tests for identification. 

Bile Solubility . — ^Pneumococci are soluble in bile. The test consists 
of adding 1 part of a sterilised 10 per cent, solution of sodium tauro- 
cholate in normal to 10 parts of a broth culture. Alternatively, 
01 ml. of a 10 per cent, solution of sodium desoxycholate may be addi^ 
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to 5 ml. of a broth culture which should not be more acid than pH 6*8 ■ 
this method gives very satisfactory results, lysis occurring wi thin fifteen 
minutes at 37® C. 

Optochin Sensitivity . — ^Pneumococci are sensitive to optochin. Disks 
of filter paper, 8 mm. in diameter, sterilised by dry heat at 160° C. are 
impregnated with a 1 in 4000 aqueous solution of optochin (ethyl 
hydrocuprein hydrochloride), each disk containing approximately 0 02 
ml. The solution can be sterilised in the autoclave at 121° C. for 30 
minutes without appreciable effect on its potency. Organisms are 
tested by making radial stroke cultures on a blood agar plate, a disk 
being placed in the centre of the plate; a knovm sensitive str^n is 
included in each set of tests. Pneumococci are inhibited in a zoae of 
at least 5 mm. from the circumference of the disk, whereas strains of 
Strept. viridans grow up to the disk margin; occasionally a few colonies 
of pneumococci, resistant to optochin, will be noted in the zone of 
inhibition. 


Antigenic Characters. At least 77 specific serotypes of pneumococci 
have been recognised. Type specificity is dependent on chemically 
specific polysaccharides contained in the capsule of the organism and 
type identification can be established by means of agglutination tests 
or by “capsuIe-sweJIing” reactions. For the latter technique, a loopful 
of broth culture or a saline suspension of growth from a blood-agar 
plate is mixed with a loopful of diagnostic antiserum and the mixture 
covered with a No. 1 coverslip and examined with an oil-immersion 
lens, the substage condenser being suitably lowered or the diaphragm 
reduced in aperture. The enlarged delineation of the capsules, in the 
presence of type-specific antiserum, can be readily observed in 1-2 min. ; 
the sharpness of outline of the capsule is more significant than any 
apparent enlargement. ^ 

Typing sera usually contain methylene-blue so that the capsules 
remain unstained and present a ground-glass appearance; a set of sera 
may be purchased from The State Serum Institute, Copenhagen, and 
comprises 9 pooled sera (A-I) and 44 constituent specific sera; strains 
are hrst tested in the pooled sera and then in the type-specific sera 
coi^rismg the pooled serum with which a reaction is obtained. 

Pathogenicity.— Pathologic material containing pneumococci (e.g. 
pneumomc sputum) or a young virulent culture, injected subcutaneously 
into rabbits or mice, produces a rapidly developing septicaemia and 
death m one to three days; at autopsy, typical capsulated diplococci 
p esen m large numbers in the heart blood. The virulence for 
ammals rapidly decre^es if the organism is grown on media without 
^ ^ cultivation is prolonged; such 

with type-specific antiserum! 

nftpn in ^ pneumonia the pneumococcus is present, 

be detectedTn‘^r^^^ number^ in the consoUdated areas and can easily 
chvmSi? sputum. The organism may reach the lung paren- 
m^s secretion^^^ peribronchial lymphatics. Excess 

mav facilitate the antecedent respiratory virus infection, 

may facihtate the onset of pneumonia. In a propotion of cases the 
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pneumococcus can be demonstrated in the blood by blood culture, and 
also occurs in the complications of pneumonia, e.g. empyema, peri- and 
endocarditis, meningitis, etc. Pneumococcal meningitis is often asso- 
ciated with middle ear infections or with traumatic or congenital defects 
in the skull, e.g. absence of cribriform plate; such cases tend to suffer 
recurrent attacks. 

Epidemiology. — Lobar pneumonia is a communicable infection 
occurring particularly in the age range 10-50 years and caused pre- 
dominantly by certain pneumococcus types {e.g. types 1, 2, 3, 5, 7, 14) 
which seem to be endowed with invasive properties; epidemics of lobar 
pneumonia have occurred in semi-closed communities (barracks, 
institutions, factories, etc.). The pneumococcus is essentially a human 
parasite and sources of infection are cases and carriers; carriers con- 
valescing from lobar pneumonia may continue to harbour the organism 
for considerable periods, particularly if they are predisposed to chronic 
catarrhal pharyngitis or nasal sinusitis. Contact carriers, who have 
never suffered clinically apparent infection, may also become carriers 
of “epidemic” penumococci. 

Type-distribution studies showed that, in Britain, t 3 rpes 1 and 2 
were together responsible for more than 50 per cent, of hospitalised 
cases of lobar pneumonia and type 3 strains were incriminated in less 
than 10 per cent, of cases. More recently, there has been an increase 
of type 3 infections which are more common in elderly patients. 

Case-fatality rates in lobar pneumonia show that type 3 is the 
most virulent and type 2 is more virulent than type 1. At the same 
time, types 1 and 2 are more invasive than other types, as shown by 
their prevalence in meningitis and peritonitis. 

The modes of spread are similar to those of other organisms excreted 
from the respiratory tract, e.g. Strept. pyogenes; the incidence of lobar 
pneumonia is at its highest in the spring. 

BronchopneunumUif in which pneumococci are commonly involved 
as secondary bacterial pathogens, occurs most often at the extremes of 
life or after primary virus respiratory infections (influenza, measles, 
etc.). The iii'ecting pneumococci are those types found in the upper 
respiratory tract {e.g. types 6, 19, 23), and this is an endogenous, not a 
communicable, infection. Infections occur mostly in the winter 
mouths and are more common in economically poor communities. 
High fatality rates in the older age-groups occur in spite of therapeutic 
advances. 


Laboratory Diagnosis 

A specimen of sputum is obtained and a mucopurulent portion used 
to inoculate a blood agar plate; films stained by Gram’s method are 
also prepared and examined to obtain an impression of the predominant 
bacterial flora. In order to improve the chances of isolatii^ pathogens 
hke the pneumococcus and H. influenzae in culture, the sputum may 
be homogenised by shaking with beads or treatment with pancreatin. 
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On the blood agar plate, characteristic colonies can be recognisec 
among the other organisms that are frequently present; bile solubilitj 
and/or optochin sensitivity tests may be performed as confirmatorj 
procedures. 

Mouse /Bocii/ariba.— Intraperitoneal injection into mice of sputum 
or a young broth culture of a supralar 3 mgeal swab is a useful and reliable 
method for isolating pneumococci when they are scantily present. 

The need for serotyping of strains as a preliminary to giving specific 
therapeutic antiserum disappeared with Ae introduction of sulphon- 
amide Aerapy, and type identification is now only performed in 
epidemiologic investigations. j 

ChemoAerapy. — Most pneumococcal infections are amenable to 
chemotherapy with sulphonamides, penicillin, tetracyclines. cases 
of pneumococcal meningitis, penicillin may be given intraAecaly as 
well as systemically. 

Prophylaxis.— The prophylaxis of lobar pneumonia has been 
attempted by Ae use of combined vaccines of the prevalent pneumo- 
coccus types in circumstances where Aere is a high incidence of infec- 
tion, e.g. among native labourers in Ae SouA African mines, where 
Ae results were disappointing, and in Army camps, where more 
encouraging results have been obtained. In particular, a controlled 
trial during Ae Second World War of a combined antigen of purified 
polysaccharides prepared from four of the main epidemic types (types 
1, 2, 5 and 7) indicated that a high degree of protection could be 
obtained against infection with these types after a single injection of 
0 06 mg. of each of the polysaccharides. But lobar pneumonia is a 
sporadic infection in civilian communities, where prophylactic vaccina- 
tion would not be a practicable procedure. 

Since a large proportion of pneumococcal infections supervene on 
antecedent virus respiratory infections, measures for Ae control of Aese 
virus infections, e.g. prophylactic vaccination against influenza, par- 
ticularly in elderly persons wiA chronic chest and heart Asease, may 
help to reduce Ae morbidity and mortality of secondary pneumonias. 
Improvements in social and environmental conditions and protection 
against sudden changes in climate will contribute to Ae control of 
bronchopneumonia in young children. 



CHAPTER 12 


NEISSERIA 

Definition . — The Neisseriae are Gram-negative cocci, usually arranged 
in pairs with long axes parallel: strict parasites, often growing poorly 
on ordinary culture media. The two principal pathogenic members of 
the group are Neisseria meningitidis and N. gonorrheae; N. memr^itidis 
is the causal organism of Epidemic Cerebrospinal Meningitis (or 
Cerebrospinal Fever), sometimes called Spotted Fever because of the 
frequent presence of a purpuric rash; it may also produce an acute or 
chronic septicaemia without meningitis. N. gonorrhoeae causes gonor- 
rhoea, a venereal infection characterised by urethritis in the male and 
urethritis and cervicitis in the female; there may be local and metastatic 
complications. 


NEISSERIA MENINGITIDIS 
(Meningococcus) 

Morphology and Staining . — Oval diplococci with opposed surfaces 
flattened or concave; sometimes in tetrads; cocci are about 0-8 /t in 
diameter; the long axes of the cocci in pairs are parallel, not in line as 
in the case of the pneumococcus; Gram-negative. Morphological 
capsules are not evident, but when the organisms react with specific 
antiserum, capsule-like structures become apparent, this effect corre- 
sponding to the “capsule-swelling” reaction of the pneumococcus. In 
cerebrospinal fluid the intracellular position in polymorph leucocytes is 
characteristic. In culture the usual shape and arrangement seen in the 
spinal fluid may be lost, and involution forms may be present. 

Cultural Characters. — ^Aerobe; primary cultures are obtained most 
readily in an atmosphere containing 5 per cent, of carbon dioxide; 
temperature range is 25°-42° C., and the optimum is about 37° C. 
Although the meningococcus will grow on good nutrient agar, growth 
is enhanced by the addition of blood or serum; optimum pH is 7'0-7-4. 
A specially suitable medium is nutrient agar prepared from a digest 
broth, and containing 5 per cent, blood added to the melted agar at 
90° C. 

Colonies on serum agar, after 24 hours, are small, greyish, trans- 
parent, circular disks about 1-2 mm. in diameter; after 48 hours, the 
centre of the colony becomes more opaque and raised, while the 
periphery remains ^n and transparent; the borders may become 
crenated. While this is the common type of colony, considerable 
variation in the appearance may be noted. 

Colonies on blood agar are like those on serum agar but somewhat 
larger; they are smooth, grey and semi-transparent; no haemolysis 
occurs. 

Viability . — ^When first cultured artificially, the menii^ocoorais tends 
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to die quickly in culture, e.g. within two or three days, probably due to 
allfali production. In culture it persists best at incubator tmpoature 
on moist egg medium. Alternatively, 1 per cent a^r in b^ 

plus 20 per ant. serum gives good results. It is killed by heat at 55» C. 
in five minutes or less. When dried under ortonary atmospheric 
conditions the meningococcus usually dies within mo hours, but 
cultures can be preserved by rapid drying in vacuo. The organism is 
sensitive to the sulphonamides and most antibiotics. 

Biochemical Reactions.— Cw be tested by growing on peptone-water- 
agar slopes containing 5 per cent, serum, 1 per cent, of the particular 
sugar, and an indicator. 

Ferments glucose and maltose with acid production, but has no 
zction on lactose, sucrose or inulin. 

Cultures of the meningococcus give the oxidase reaction like those 


of the gonococcus. *. • r 

Antigenic Characters.— Gordon and Murray described four scro- 
logical types (I-IV) of the meningococcus, but later, Griffith reduced 
these to two groups (I and II), his group I corresponding with the earlier 
types I and III, and group II with types II and IV . A more recent 
classification recognises four main groups, now designated A, B, C and 
D, of which A corresponds to Griffith’s group I, B to the old type II 
and D to the old type IV. Group C is identified with a group C 
described by French workers (Branham, 1953). 

The majority of cases of cerebrospinal meningitis during epidemics 
are due to group A, whereas many strains found in the nasopharynx of 
persons who have not been in contact with cases belong to the other 
groups. It has been concluded that the latter are of low^r pathogenicity 
than group A. 

Pathogenesis. — ^The meningococcus is actively toxigenic, and 
potent products have been obtained from cultures. The toxin has been 
classified as an endotoxin though it is readily diffusible from the 
organisms, probably as a result of their rapid autolysis in culture. 

The natural habitat of the meningococcus is in the nasopharynx or 
post-nasal space, where it may be found in 5-10 per cent, of healthy 
persons, ^^en outbreaks of cerebrospinal fever occur, the carrier 
rates may increase to 50-90 per cent. The route of spread of the menin- 
gococcus from the nasopharynx to the meninges is a controversial 
matter; the organism may either spread directly through the cribriform 
plate to the subarachnoid space by the perineural sheaths of the olfactory 
nerve, or it may be blood-borne. In favour of the latter route are the 
frequent positive blood cultures in the early stages of infection, the 
purpuric rash in many cases with the isolation of meningococci from the 
skin lesions, and the occurrence, particularly during epidemics, of 
meningococcal septicaemia with rash but no clinical meningitis. Rare 
t5q>e8 of primary meningococcal infection are conjunctivitis and endo- 
carditis, while complications of the typical disease are labyrinthitis, 
arthritis and teno-synovitis. 

In general, it h^ been found difficult to establish an active infection 
in laboratory animals by inoculation with cultures. However, intra- 
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peritoneal injection in mice of even small doses of the meningococcus 

suspended in u solution of gastric mucin btings about a tanidly fetal 
general infection. 

Epidemiolo|^. Outbreaks of cerebrospinal fever occur particu- 
larly under conditions of overcrowding, e.g, among recruits in training 
camps and in ships and gaols. When cases occur under such circum- 
stances, bacteriological examination usually reveals high nasopharyngeal 
carrier rates of the epidemic strain among healthy contacts. It has been 
stated that clinical cases are likely to occur when the carrier rate 
exceeds 20 per cent., but the case/carrier ratio may vary considerably. 
Meningeal infection is probably facilitated by fatigue and other 
factors which lower physical well-being and may be preceded or accom- 
panied by a local nasopharyngitis. Apart from localised outbreaks, the 
highest attack rate and also the highest case fatality is in infancy. Cases 
occur most commonly in the spring in the United Kingdom and in 
other countries with temperate climates. Large-scale epidemics spread 
over wide areas of East and West Africa during the dry season and end 
abruptly with the onset of the rains. 


Laboratory Diagnosis 

Lumbar puncture should be done as soon as meningitis is suspected. 
In a case of cerebrospinal meningitis the spinal fluid is under pressure 
and is turbid in appearance due to the large number of pus cells present. 
In the early stages of infection the organisms are present usually in 
considerable numbers in the cerebrospinal fluid and can be recognised 
by microscopic examination. At a later stage they may be scanty and 
even apparently absent. 

In the laboratory the fluid is centrifuged and films are made from 
the sediment and stained by (a) methylene blue (6) Gram’s method 
(with Sandiford’s counterstain). Cultures should be made on blood or 
heated blood (chocolate) agar and incubated in an atmosphere of 5~10 
per cent. CO 2 . Films are made from the resulting growth and stained 
by Gram’s method. The colony characters should be noted and 
subcultures for biochemical tests are made by picking off single colonies 
on to sugar-containing serum-agar slopes. The serological group may 
be identified by agglutination tests with the appropriate antisera. 

For quick differential diagnosis which is essential for early effective 
chemotherapy the microscopic examination is often sufficient — i.e, if 
Gram-negative, intracellular diplococci with the characteristic shape 
of the meningococcus are observed. However, in the later stages of 
infection or if sulphonamides have been administered, the organisms 
may be scanty or undetectable in the centifuged deposit. In such cases 
the meningococcus may be demonstrated by cultural methods. A 
method which is sometimes successful is to add an equal volume of 
glucose broth to the cerebrospinal fluid and incubate the mixture for 
18 hours ; thereafter sub-inoculations are made on a solid medium as 

described above. ^ t . 

In cases of suspected meningococcal septicaemia and also in cases of 
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meningitis, blood cultures should be carried out and subcultures made 
on blood agar every day for 4-7 days. 

Chemotherapy.— Meningococcal infections respond well to treat- 
ment with the sulphonamide compounds, which diffuse readily into 
the CSF and are therefore preferable to any other antimicrobial drug. 

Prophylaxis.— The early recognition of a high carrier rate, particu- 
larly of the more invasive group A, in a closed or semi-closed community, 
e.g, military recruits in barracks where apparently sporadic cases of 
meningitis are occurring, may help to prevent an outbreak, since the 
carriers can be quickly and effectively treated with small doses of 
sulphonamide, e.g. 1 g. twice a day for 3 days. 

If a search is to be made for meningococcal carriers, swabs should not 
be taken within 12 hours after the application of antiseptics to the throat. 
The specimen is best obtained by means of a swab with a longer wire- 
holder than the usual throat swab and with the terminal | in., carrying 
the cotton-wool pledget, bent through an angle of about forty-five 
degrees. The swab is enclosed in a stoppered test-tube of sufficient 
width to admit the bent end. 

With the tongue depressed, the swab is passed behind the soft palate, 
introduced into the nasopharynx and rubbed over the posterior wall. 

The swab is spread at once over a small area at the edge of a serum- 
or blood agar plate already prepared and warmed to 37° C., and then 
successive stroke inoculations are made on the remainder of the plate 
by means of a wire loop, the loop being charged several times from the 
area inoculated directly with the swab. The plate must be incubated 
without delay. 

When it is impossible to make an immediate culture, a convenient 
method of maintaining the viability of the meningococcus for 24 hours 
or so is to place in the foot of the swab-tube a small amount of blood 
agar so that the swab, when returned to the tube, is kept in contact with 
the medium. In the laboratory the swab is used to inoculate a blood- 
agar plate, and the swab-tube is also incubated. Alternatively, the swab 
may be placed in Stuart’s transport medium. 

Cultures should be incubated for 48 hours when suspect colonies 
are examined by means of Gram-stained films, and subcultures from 
single colonies made on serum- or blood-agar slopes. The resulting 
pure cultures are then available for identification by biochemical and 
serological tests. 


NEISSERIA GONORRHOEAE 
(Gonococcus) 

Morphology and Staining , — Oval diplococci with opposed surfaces 
flattened or concave. The diameter of the coccus is about 0*8—1 fii 
Gram-negative. Morphologically the gonococcus is identical with the 
meningoc^cus. In ixffiammatory exudates the intracellular position of 
the org^ism is characteristic and some pus cells appear to be almost filled 
with diplococci* In culture, involution forms are frequent. 



GONOCOCCAL INFECTIONS 


173 


Cultural Characters. — ^Aerobe; temperature range, 30'’-39® C.; 
optimum about 37° C. ; requires blood or serum for growth — e.g, agar 
containing 10 per cent, blood (heated at 55° C.), serum agar prepared 
from fresh sterile serum or agar containing 10 per cent, hydrocoele fluid. 
Various special media have been recommended, but the above-men- 
tioned serve satisfactorily in the routine cultivation of the organism. 
The agar should be carefully standardised to pH 7-5. 

Most strains grow better in an atmosphere containing carbon dioxide 
(e.g. 5 per cent.) than in ordinary air. Incubation inside a closed jar 
also helps to maintain a moist surface on the culture medium, which 
helps the growth of gonococci. The COj may also prevent the develop- 
ment of alkalinity. 

Colonies on serum agar are semi-transparent disks about the size 
of a pin head, tending to remain discrete, circular in outline at first, but 
later showing a “scalloped” or crenated margin, a raised more opaque 
centre, and sometimes radial and concentric markings. Papilbe may 


be noted after some days’ growth. 

In primary cultures, colonies may be slow in developing and growth 
may not appear for two or three days. 

Viability. — The thermal death-point is about 55° C. for 5 minutes. 
The gonococcus is a strict parasite and tends to die in a few hours when 
discharged from the body, especially if subjected to cooling and drying. 

It has been found, however, that under certain conditions, e.g. in pus 
on linen or other fabric, the gonococcus may remain viable for periods 
up to three days. When first isolated, cultures have a feeble viability, 
and subcultures should be made every three or four days to maint^ 
the strain. When accustomed to artificial growth, cultures survive 
longer if kept at 37° C. and in a moist condition, but die at room 
temperature in two days. 

Biochemical Reactions.— With the same sugar-contaimng media used 
for meningococcus, the gonococcus ferments glucose but not maltose. 

Antigenic Characters. — The gonococcus is not antigenically homo- 
geneous; there are probably two main serological groups with inter- 
mediate types. There is an antigenic relationship with the memngooccus. 

Pathogenesis.— The gonococcus is a strictly human parasite and ail 
attempts to infect animab from mice to monkeys have failed. Its 
toxicity to animals is due to an endotoxin like that of the meningococcus. 

In the male the organism infects the mucosa of Ae urethra 
produces a suppurative inflammation with purulent discharge. Ihe 
cocci are present in large numbers in the discharge at an early stage, but 
later diminish, and are then associated with secondary infecting o^- 
isms-e.g. pyogenic cocci, coliform bacilli, diphtheroid haalli. Infec- 
tion may sp^■e^d backwards to the prostate, ^mind vesicles and ep - 
didymis or may invade the peri-urethral tissue (producing a pen- 
urethral abscess and subsequent stricture), ^ j Utit 

In the adult femak the urethra and 
rarely the vaginal mucosa. Infection may extend to the v^tibuto 
glands, the endometrium and the Fallopian hibes (causing salpingitis) 
and even the peritoneal cavity may be mvaded. 
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Blood invasion may result from primary gonorrhoeal infections, and 
arthritis and tenosynovitis may occur as complications. While the 
gonococcus h as on occasion been cultivated from the joint fluid in 
Lthritis, the possibility of gonococcal arthritis being a manifestation of 
allergy must also be considered. Ulcerative endocarditis has been noted 
as a rare sequela. Purulent conjunctivitis may sometimes occur as a 
complication. 

In female infants and children the gonococcus may produce a 
vaginitis with involvement sometimes of the rectum. 
Outbreaks of this infection used to occur in paediatric wards and 
children’s institutions, but are now rare. 

In newborn infants gonorrhoeal ophthalmia (acute purulent con- 
junctivitis) may result from direct infection at birth. 

Epidemiology —Gonorrhoea is a venereal infection spread by 
sexual intercourse. Incidence, which increased sharply during the Second 
World War, fell steadily in the post-war years, but is increasing again 
in Britain, probably related to greater laxity in extra-marital sexual 
intercourse, an increase in homosexuality and, in certain areas, to the 
large influx of coloured immigrants. Incidence is about four times more 
frequent in males than in females, prostitutes and other promiscuous 
women being the main reservoirs. 

Laboratory Diagnosis 

Films are made from the discharge. In the male : from the urethral 
discharge; the meatus should be cleansed with sterile gauze soaked in 
saline solution, and specimens are taken either with a wire loop or 
directly on slides. In the female: from the urethra and cervix uteri, 
with a wire loop or swab and with the aid of a vaginal speculum. 

The films are stained by (a) methylene blue and (b) Gram’s method 
(with neutral red or Sandiford’s stain as the counter-stain), and in the 
acute stage, both in the male and female, the occurrence of the char- 
acteristic Gram-negative intracellular diplococci is strongly suggestive of 
a gonorrhoeal infection, though it must be borne in mind that Gram- 
negative diplococci other than the gonococcus may occur on the mucous . 
membranes of the genital passages, e.g, the commensal species to be 
described. 

In chronic infections, particularly in the female, the cocci may be 
relatively scanty in films and difficult to identify accurately among the 
secondary infecting organisms. In the male the ^'moiming drop” of 
secretion from the urethra should be examined, or films made from the 
centrifuged urinary deposit or the discharge after prostatic massage. In 
the female the secretion from the cervix uteri should be examined* 

The diagnosis must be confirmed by cultivation, the organism being 
identified by cultural and biochemicd characters, and differentiated 
from non-pathogenic neisseriae by fermentation tests; but where there 
is a mixed infection isolation of the organism may be technically diffi- 
cult. Inoculation with material to be cultivated should, if possible, bt 
made directly from the patient on a suitable medium, and the culture 
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should be incubated zt once. If the material is kept at room tempera- 
ture for some time before inoculation and incubation, or if it is allowed 
or^nisms may die and fail to grow on the culture medium. 

When it 18 impracticable to make direct cultures and it is necessary to 
use a swab for the transport of exudate to the laboratory, a swab on a 
wooden applicator may be broken into a tube of Stuart’s transport 
medium (p. 779). 

It should be remembered that in cases already treated with penicillin 
it may not be possible to demonstrate the organism in discharges. 

The Oxidase Reaction in the Detection of Colonies of the Gonococcus * — 
Cultures are made on plates of heated blood agar and after two days’ 
incubation, freshly prepared 1 per cent, tetramethyl-^-phenylenedia- 
mine solution is poured on to the plate so as to cover the surface, and 
then decanted. The colonies of the gonococcus rapidly develop a purple 
colour (oxidase reaction). If subcultures are required from the colonies, 
these should be made immediately because the dye is bactericidal ; after 
five minutes it may not be possible to subcultivate them. This method 
is specially useful in dealing with heavily contaminated material con- 
taining only scaiity gonococci {e.g, cases of chronic cervicitis). Colonies 
of non-pathogenic neisseriae also give a positive oxidase reaction, but the 
purple colour develops more slowly and is less intense. 

Serology — T. he complement-fixation test is applicable for diagnosis of 
chronic infections and complications and may be of value to the clinician, 
particularly in the differential diagnosis of such conditions as salpingitis 
and arthritis. However, positive reactions are much less common since 
the introduction of the sulphonamides and antibiotics. 

Chemotherapy. — Although the sulphonamides were at first very 
effective chemotherapeutic agents, the development of sulphonamide- 
resistance, particularly in the Second World War, greatly reduced their 
value. Penicillin therapy has been applied with conspicuous success, 
although in recent years there has been evidence of the development of 
penicillin-resistant strains (Report, 1961). Gonococcal infections are 
also amenable to treatment with certain other antibiotics, e,g* streptomycin 
and the tetracyclines, though those drugs would be used mainly in 
penicillin-resistant cases. 

Non-specific Urethritis 

Much attention has been given in recent years to urethritis, usually 
of more chronic form, in which the gonococcus cannot be demonstrated, 
and other agents may be causally concerned. This condition has 
increased considerably in incidence since separate notification was 
begun in 1951 (10,794 cases), probably associated with a greater aware- 
ness and more accurate diagnosis; 24,472 new cases were reported in 
the United Kingdom in 1961. The infection differs epidemiologically 
in certain respects from gonorrhoea and a proportion of cases are 
probably non-venercal. It may form part of a more generalised disease 
with arthritis and conjunctivitis as major features (Reiter s syndrome). 

Pleuro-pneumonia-like organisms have been most often incriminated 
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and are present in a variable proportion of both male and female cases 
(and also in cases of prostatitis and qrstitis). However, these organisms 
are also found in a smaller proportion of healthy persons, particularly 
females, and their aetiological relationship to non-specific urethritis is 
still not proven. Other possible causative agents are Trichomonas, 
Haemophilus vaginalis and other bacteria, fungi and trauma. Attempts 
to find a virus aetiology for non-specific urethritis have so far been 
unsuccessful. 


THE COMMENSAL GRAM-NEGATIVE DIPLOCOCCI 

These organisms occur on various mucous surfaces of the body and 
are found with great regularity in the mucous secretions of the tlu-oat, 
nose and mouth; they may likewise occur on the genital mucosae. 
When inflammatory or other pathological conditions affect these mucous 
membranes, such commensals often flourish in large numbers and 
constitute a prominent feature of the local bacterial flora. They may 
possibly act as secondary infecting agents in such conditions, but appear 
to have little or no intrinsic virulence. 

Classification 

It should be noted that there is some uncertainty regarding the 
biological classification of this group of organisms, and the taxonomic 
significance to be attached to colony characters, pigmentation and 
fermentation of different carbohydrates is doubtful. The group, how- 
ever, can be broadly divided into two subgroups: (1) characterised by 
complete absence of fermentative properties, e.g. N. catarrhalis, and (2 
possessing such properties, e.g. N. flava and related types (see Table). 


Fermentative Reactions of Neisseria Group 


Glucose 

Maltose Lactose 

Sucrose 

Meningococcus . ± 

1 . - 


Gonococcus . . ± 

— — 

— 

iV. catarrhalis . — 

— — 

— 

N, flava and related types j_ 

1 - 

1 


( ± = acid; j. = variation in reaction among different types.) 


Neisseria catarrhalis 

A frequent commensal in the throat and nose and often present in 
large numbers in catarrhal inflammations of the respiratory tract. 

Morphology and Staining. — ^Practically identical with the menii^- 
coccus. In some strains the cocci are relatively large. 

Cultural Characters, — Grows on ordinary media without serum and 
at room temperature; the colonies may be larger than those of the 
meningococcus, especially when fully grown, and are thicker and more 
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opaque. The colony characters, however, may vary considerably, and 
both ‘smooth” and “rough” forms are observed. The organism 
exhibits no fermentative properties. Cultures when emulsified in 
saline tend to be auto-agglutinable. 

AT. catarrhalis is not agglutinated by meningococcus antisera. 

Neisseria flava 

The morphology of these organisms is like that of iV. catarrhalis and 
they grow on ordinary media at room temperature. Cultures develop, 
after 48 hours, greenish-yellow or greenish- grey colours. Young 
colonies may simulate closely those of the meningococcus. 

Biochemical reactions vary according to the type (see Table). 

Neisseria flavescens, — ^This organism has been described as the 
causative pathogen in a group of cases of meningitis in America. It 
resembles the meningococcus in morphology, but on blood agar pro- 
duces golden-yellow colonies. It does not ferment carbohydrates. It 
may be biologically related to N. flava. 

Neisseria mucosa, — Differs from the other members of the group in 
being definitely capsulate and producing mucoid colonies. This type 
may represent a variant of one of the other members of the group. 
Strains corresponding to it have been reported in cases of meningitis. 

Neisseria sicca, — Resembles N, catarrhalis^ but its colonies are 
markedly dry, tough and adherent to the medium. It seems possible 
that this organism is not a separate species, but a “rough” variant of 
some other member of the group. 

Organisms of Genus Veillonella 

These are of some interest in view of their occurrence as com- 
mensals in natural cavities of man and animals, particularly the mouth 
and alimentary tract. They have not been definitely proved pathogenic 
though sometimes isolated from cases of appendicitis, pyorrhoea and 
pulmonary lesions, and regarded as potentially pathogenic. 

They are minute Gram-negative cocci about 0-3 ^ in diameter and 
occurring in masses. In cultural characters they are anaerobic and grow 
best at 37° C, The type species is Veill, parvula^ whose distinctive 
characters are: the formation of hydrogen, carbon dioxide, hydrogen 
sulphide and indole from polypeptides, the fermentation of glucose and 
certain other sugars, haemolytic action, and the reduction of nitrate 
to nitrite. 
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CHAPTER 13 

CORYNEBACTERIUM 

Gram-positive rods, arranged in pairs or palisades; often 
with club-shaped swellings at the poles; generally staining irregularly 
(metachromatic granules); non-motile, non-sporing, non-capsulated; 
aerobic, micro-aerophilic or facultative anaerobe; some species produce 
a powerful exotoxin. 

Corynebacterium diphtheriae is the causative organism of diphtheria, 
which, in its characteristic form, consists of a loc^sed inflammation in 
the throat with adherent exudate (false membrane) and a toxaemia due 
to the secretion and dissemination of a highly potent exotoxin. Certain 
species (C. pyogenes, C. renale, C. ovis, etc.) cause acute or chronic 
suppurative lesions in various domestic and laboratory animals. 
Erysipelothrix and Listeria, which are closely related members of the 
Corynebacteriaceae family, are primary pathogens in animals but some- 
times cause infection in man. 


CORYNEBACTERIUM DIPHTHERIAE 

Morphology and Staining. — Slender rod-shaped organism, straight 
or slightly curved ; the averrge size is 3 p by 0-3 /x, but longer and shorter 
forms may be noted; the ends are often expanded; it is non-motile 
and non-sporing. In culture, involution forms may be observed which 
are pear-shaped, club-shaped or even globular. The bacillus is Gram- 
positive, though more readily decolourised than many other Gram- 
positive organisms; stained with methylene blue it shows a “beaded” 
or “barred” appearance: the latter is characteristic of the intermedins 
type of diphtheria bacillus. By Neisser’s method, volutin (meta- 
chromatic) granules are characteristic, staining blue-black in contrast 
with the light-brown coloration of the rest of the organism; the 
granules are mainly polar in situation. If over-decolourised in the Gram 
method the granules tend to retain the violet stain, while the rest of the 
organism is decolourised. These characteristic staining reactions depend 
on environment; thus, in culture, volutin granules are most pronounced 
when the bacillus is growing on a serum medium such as Ldffler’s; 
by electron microscopy they can be demonstrated as well-defined 
structures. Appearances also vary among strains, some of which 
exhibit very short forms with poorly developed granules {e.g. gravis 
type). 

By phase contrast microscopy one or more septa can be observed in 
a single diphtheria bacillus, and the intermedius type appears to be 
multicellular. Branched forms have also been observed. 

Cultural Characters. — ^Aerobe; temperature range, C.; 

optimum, 37° C.; grows on ordinary nutrient media, but best on 
serum media. 
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Colonies on Loffler’s serum — at first small, circular, white, opaque 
disks with regular borders; later the centres become thicker and the 
borders crenated; they may reach 3-4 mm. in diameter after several 
days* growth ; sometimes the growth on serum shows a distinct yellow 
tint. 

Broth — some strains grow in small white masses, which sediment in 
the tube and also adhere to the side; surface film of growth may also 
develop. Other strains produce a uniform growth in broth. 

On a medium containing potassium tellurite the diphtheria bacillus 
reduces the tellurite and yields greyish or black colonies. Potassium 
tellurite is also selective in certain concentrations for this organism 
and the allied diphtheroid bacilli. 

On blood tellurite media the colonies tend to show distinctive 
appearances. Three types of colony have been recognised as char- 
acteristic of different biological types, designated C. diphtheriae gravis, 
mitts and intermedius. The designations gravis and mitis have been 
applied in virtue of the association of these types with severe and mild 
forms respectively of the disease. The gravis type produces relatively 
large greyish-black, flat, lustreless colonies exhibiting often a ‘‘daisy- 
head’* formation. Growth in broth is granular. The mitis type yields 
a convex, smooth, translucent colony, and growth in broth presents 
a uniform turbidity. The intermedius type is represented by relatively 
small, black, lustreless colonies with domed centre and flat, irregular 
margin, like a poached egg. 

The colony characters on Hoyle’s tellurite medium and blood agar 
are described later in relation to the diagnosis of diphtheria. 

Viability. — In culture, diphtheria bacilli may remain alive for two 
or more months at room temperature. In the moist condition they 
are comparatively easily killed by heat (in ten minutes at 60° C.), but 
when dry survive for much longer periods. Diphtheria bacilli may 
remain alive and virulent for a considerable period in the dust of premises. 

Biochemical Reactions.— YtxmtnXs with acid production, glucose, 
galactose, maltose and dextrin, but not lactose, sucrose or mannitol. 
(Some strains of proved virulent diphtheria bacilli have been stated to 
ferment sucrose). No proteolytic activity. 

Gravis strains ferment starch and glycogen, and these reactions are 
characteristic features of this type. These reactions can be elicited by 
using Hiss’s serum medium made with 0-1 per cent, peptone- water: 
phenol red may be used as the indicator, the initial pH being 7*6. Acid 
production also causes clotting of the medium. , . u 

Haemolysis.— of the mitis type are generally haemolytic when 
growing in a medium containing ox or rabbit blood; the intermedia 
strains are invariably non-haemolytic; strains of the graw type usually 

lyse rabbit but not ox blood. , . t • i r 

It should be noted that the stability of the biological types of *e 
diphtheria bacillus has been questioned; thus, it is stated that stoms 
undergo variation in colony form and starch fermentation, btrams 
which do not fit into the three biological types have been isolated from 
both cases and carriers. 
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Antigenic Characters . — By agglutination reactions with antisera 
gravis strains have been classified into thirteen types, of which type I 
has been found to be by far the conunonest in Great Britain. Among 
intermedius strains four t 3 T)es have been recognised, and ndtis strains 
have been allocated to forty different types, one type being related 
to a particular gravis type. 


Diphtheria Toxin 

The diphtheria bacillus produces a powerful exotoxin with special- 
ised toxic properties. While the bacillus remains localised at the site 
of infection, the diffusible toxin is absorbed into the blood stream 
and leads to the various systemic disturbances of diphtheria (in par- 
ticular myocardial damage) and to such sequelae as post-diphtheritic 
paralysis. 

It has been observed that diphtheria due to the gravis type of 
bacillus may be of a hypertoxic type and refractory to antitoxin treat- 
ment. All strains of the diphtheria bacillus produce the same toxin, 
but it has been claimed by O’Meara (1940) that two distinct sub- 
stances, designated A and B, enter into its constitution and that the 
toxins from different strains may vary in the relative amounts of these 
constituents. According to O’Meara the A substance is the toxin which 
is lethal to the guinea-pig; the B substance is not definitely toxic per se 
but acts by promoting the spread of A in the tissues, and if it is formed 
in sufficient amount renders the latter h 3 rpertoxic. O’Meara points 
out that the avidity of antitoxin depends on its power to neutralise the 
B substance and that for the production of an avid antitoxin, the toxin 
used must be rich in the B constituent. 

When diphtheria bacilli are grown in suitable fluid media, abundant 
toxin is produced. The strain used is, however, of considerable import- 
ance, for in artificial culture the organism may not adapt itself so readily 
to toxin production as it does in the human body. A single strain 
(Park-Williams No. 8) of the intermedius type is almost universally used 
for toxin production on a large scale. The bacilli are removed from the 
culture by filtration or other means, and the bacteria-free liquid, which 
contains the exotoxin mixed with the culture medium and other 
products of bacterial growth, is referred to as toxin. 

Certmn cultural conditions and nutritional ingredients arc required 
for maximal production of diphtheria toxin. It is now possible to 
produce very potent toxin in a medium containing known amino 
acids, inorganic salts, maltose, and in addition, certain growth factors 
(pimelic acid, nicotinic acid and jS-alanine). The toxin produced in 
^s type of synthetic medium has been isolated in a purified state; 
it has the properties of a labile protein with a molecular weight of 
15,000 to 72,000 and a lethal dose of O’OOOl mg. for a 250-gram guinea- 
pig. 

The toxin is unstable and its potency diminishes on exposure to air 
and light. In sealed tubes and in the dark it may remain unaltered for 
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several weeks. The reduction in toxicity is due to the spontaneous 
conversion of toxin into toxoid^ which has no pathogenic effect on 
animals but still retains the power of combining with antitoxin and of 
stimulating specific antibodies (antitoxin). 

The conversion of toxin into toxoid can be carried out most effec- 
tively by adding 0*3 per cent, of formalin and incubating the toxin for two 
or three weeks at 37° C. The change from the toxic into the non-toxic 
state is assessed by injecting the material into guinea-pigs; when 5 ml* 
injected subcutaneously or intraperitoneally produce no symptoms, the 
change is re^rded as complete. Toxoid produced through the action 
of formalin in this way is a valuable immunising agent. 

Tests for Toxigenicity, ^When organisms morphologically resembling 
the diphtheria bacillus are found in the throat or nose unassociated with 
active disease (i.e. in carriers), it is important to determine whether they 
are virulent, i.e toxigenic. The virulence test is usually done by the 
intradermal injection of a pure culture into guinea-pigs as follows. 

The primary culture from the nose or throat is plated out on a 
tellurite medium, and a single colony is subcultured to obtain a pure 
growth. The fermentative powers of the selected pure growth are 
tested, and if the organism ferments glucose, but not sucrose, a sus- 
pension from a culture on LfOfiler’s serum or serum agar is made 
in broth of such a strength that the fluid is distinctly opalescent (about 
5 X 10® bacilli per ml.). Two white guinea-pigs of about 400 grams 
weight are selected, and the hair is removed from the flanks. The 
day before the test is carried out, one of the animals — ^the control 
guinea-pig — ^is injected intraperitoneally with 1000 units of diphtheria 
antitoxin {vide infra). For the actual test each guinea-pig is injected 
intradermally with 0*2 ml. of the suspension of organisms, a l-ml. 
syringe and fine-bore needle (26 gauge, J in. long) being used. Up 
to 8-10 different cultures may be tested on each guinea-pig, and the 
injections should be at least one inch apart. A careful note of the 
position of the injection of each different culture should be made. The 
test guinea-pig is now injected with ^th unit of antitoxin per gram of 
body-weight. The guinea-pigs are examined 24, 48 and 72 hours after 
inoculation. 

Virulent diphtheria bacilli produce in the test animal a well-defined 
red area about 15 mm, in diameter. After the third or fourth day the 
colour fades, leaving a necrotic patch with a scab surrounded by growing 
hair. The control guinea-pig shows no such reaction, the puncture 
wound caused by the needle being generally the only evidence of 
injection. If the organism is non-virulent there is no reaction in either 
the test or control animal. A reaction in both animals shows that the 
organism is not the diphtheria bacillus, because the products of growth 
are not neutralised by diphtheria antitoxin, as indicated by the reaction 
of the control animal. 

Rabbits are also suitable for intradermal virulence tests, and some 
workers have used these animals for the purpose. 

Subcutaneous injection of a culture of toxigenic C. diphthenae (or 
of the toxin) in an unprotected guinea-pig causes death within two to 
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four days with characteristic haemorrhages in the suprarenal glands 
and blood-stained pleural effusion. 

The Gel-precipitin Test — The production of toxin by a virulent 
strain of C. diphtheriae may be demonstrated by the line of precipitation 
when toxin meets antitoxin in the agar gel diffusion technique (Elek, 
1948; Ouchterlony, 1948). For technical details, see Chapter 54. 

Diphtheria Antitoxin , — By immunising horses with toxoid and then 
with toxin, both in repeated doses, an antitoxin is produced from the 
tissues and is present often in large amount in the blood; the serum 
of such animals constitutes diphtheria antitoxin. The principles used 
is the standardisation of diphtheria antitoxin are described in chapter 52. 

Pathogenesis. — The local infection occurs typically in the faucial 
region in the form of an adherent greyish-white exudate or “falsd 
membrane*’. Infection often begins on one side of the fauces, usually 
on the tonsils, and gradually extends to involve the whole oropharynx.\ 
The bacilli are present in large numbers in the adherent exudate and in 
the throat secretions. They do not invade the lymphatics to any extent 
and there is no blood invasion. The diffusible toxin has a marked 
affinity for heart muscle and death in the severe infections is usually 
due to acute myocarditis and heart failure. In nasal diphtheria, char- 
acterised by crust formation, the organisms can be detected in the 
blood-stained nasal discharge. Infection of wounds, the conjunctiva, 
vulva and vagina may occasionally occur. A diphtheritic paronychia 
is sometimes met with. 

The most severe forms of diphtheria are mostly caused by the gravis 
and intermedius types. The mitis t 5 rpe is usually associated with mild 
infections except when it involves the larynx and trachea (laryngeal 
diphtheria), when it may cause severe illness and death by obstruction 
and anoxia. The relative prevalence of these types varies in different 
areas and varies also at different times. 

Epidemiology. — Before immunisation was introduced on a national 
scale in this country, the incidence of clinical diphtheria ranged from 
50,000 to 60,000 cases annually, with 2500 to 3000 deaths. It is a disease 
of early childhood with peak incidence around four to six years of age, 
but when the large-scale immunisation of children has been well devel- 
oped there is a shift of infection to young adults. Infection is rare in 
early infancy because of the passive immunity transferred via the 
placenta from the mother. Infection is spread by close contact, e,g, 
in schools, families and institutions, but the actual mode of transference 
has not been clearly defined. Spread by contaminated dust and 
fomites may play a more important part than direct droplet infection. 
Nasal cases and carriers have long been recognised as particularly 
dangerous sources of infection and there is evidence that, like heavy 
nasal carriers of Strept pyogenes^ they may disperse very large numbers 
of diphtheria bacilli in their immediate environment. Persistent throat 
or combined nose and throat carriers follow clinical infection in 5-10 
per cent, of cases and no doubt contribute to the spread of infection. In 
investigating outbreaks of infection, nose and throat swabs from all 
contacts should be examined and Schick tests (q.v.) done, so that (tf) the 




Photograph showinj^ the rccojyrnition of toxigenic strains of the 
diphtheria bacillus by Idek’s method. In the centre is the 
horizontal strip of filter paper containing the antitoxin with 
the growths of the diphtheria bacillus at right angles to it. 
The fine white lines showing a positive reaction arc well 

defined. 
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carriers may be segregated and (6) the susceptibles protected by com- 
bined active-passive immunisation (see Chap. 43). Carriers as well as 
cases of diphtheria have become rare in communities subjected to mass 
immunisation. 


Schick Test 

When a minute quantity of diphtheria toxin is injected intra- 
dermally, a lo(^l reaction follows in persons with less than a certain 
content of antitoxin in the blood. The average amount of antitoxin 
required to ensure neutralisation of the test dose of toxin is about 
1 /200 of a unit per ml. of blood, but there may be considerable variation 
in antitoxin content among non-reactors. This reaction has been 
extensively applied with a view to gauging immunity or susceptibility 
to diphtheria. As an indicator of the amount of antitoxin in the blood 
and of actual resistance or susceptibility to diphtheria its value must be 
regarded as relative. 

For the test a matured and stabilised toxin preparation is chosen, 
and the selected dose is that amount which is just neutralised by ap- 
proximately 1/1000 unit of antitoxin. The toxin preparation is diluted 
with a special buffer solution^ so that 0-2 ml. contains the test dose. 
This is injected intradermally in the left forearm, and, as a control, 
an equal amount of a similar dilution of the same toxin previously 
heated at TO^-SS^^ C. for thirty minutes is injected intradermally in 
the right forearm. A positive Schick reaction consists in an area of 
redness and swelling appearing after one or two days, reaching its 
maximum about the fourth day, when it measures 1-5 cm. in diameter. 
It persists for 7-15 days, and on fading shows superficial scaling and a 
persistent brownish pigmentation. The absence of reaction on either 
arm i.e, ‘‘negative Schick reaction” indicates that the toxin has been 
neutralised, sufficient antitoxin being present in the blood of the 
individual. A “pseudo-reaction” may occur, i.e, an area of redness 
appearing early (within 6-12 hours), which is less intense and usually 
disappears in one to three days. If this appears in a Schick-negative 
person, both forearms show similar reactions; in a positive reactor, the 
unheated toxin produces a reaction which is more pronounced and more 
persistent than that due to the heated material. A convenient time to 
examine results is between the fifth and the seventh days when true 
reactions are still visible and pseudo-reactions have faded. 

Pseudo-reactions are more common in older children and adults, 
because they have apparently been sensitised by exposure to diphtheria 
bacilli. Pseudo-reactors are usually immune to diphtheria. Chilcken 
between six months and eight years of age are generally non-sensitised 
and rarely suffer from reactions after prophylactic immunisation. 
However, in older children a preliminary Schick test should be earned 
out to ascertain whether immunisation is required; pseudo-reactors 


» A mixture of 57 grams crystal borax 84 parns 
is made* 1 5 crams of mixture are dissolved m 100 itil. of distilled watpr, A smau 
amount’of human aenim (containing no detectable antttojon) may abo be added as 
a staHliser. ^ 
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should not receive any diphtheria prophylactic b^use of the risk of 
severe reactions and because most of them will be immune. 

Laboratory Diagnosis 

A specimen of the throat secretion should be obtained. No anti- 
septics (e.g. in form of gargles, etc.) must have been applied within 
twelve hours. A sterile throat swab should be rubbed over the affected 
area, or, where there is no definitely localised lesion, over the mucous 
membrane of the pharynx and tonsils. 

Various diagnostic methods for cultivating and identifying the 
diphtheria bacillus have been advocated. The following procedures may 
be recommended. 

A tube of Loffler’s medium is inoculated by rubbing the throat 
swab over the whole surface of the medium, moistening the swab in the 
condensation water at the foot of the tube. The tube is incubated for 
12-1 8 hours at 37° C. If an earlier result is urgently required, the culture 
may be examined after 6-12 hours: if this should be negative, however, 
the examination must be repeated after 18-24 hours. 

The resulting growth is mixed by emulsifying it with a wire loop 
in the condensation fluid, and from this, films are made and stained by 
Neisser’s or Albert’s method. 

Films may also be made directly from the swab and stained by the 
above methods, but only in a small proportion of cases can positive 
results be obtained in this way, and cultures should always be made as 
a routine procedure, irrespective of direct examination. 

In the case of suspected throat diphtheria, the appearance in cultures 
of bacilli showing the characteristic morphology and stainii^ reactions 
(especially the metachromatic granules by Neisser’s or Albert’s stain) 
may be regarded as significant in confirming the clinical diagnosis. 

It should be noted that in some cases other organisms may overgrow 
the diphtheria bacillus in culture and lead to an apparently negative 
result. Moreover, the gravis type is often difficult to recognise in early 
growths, the bacilli being short and thick with absence of metachromatic 
granules. In mild cases and carriers the bacilli may be scanty and 
easily missed. 

In the case of supposed nasal diphtheria, diphtheria carriers, 
diphtheria affecting mucous surfaces other than the throat, and wound- 
diphtheria, the microscopic examination of cultures is not conclusive. 
The suspected orj^nism must be isolated in pure cul^e and its virul- 
ence or toxigenicity determined as described on p. 181. 

The above method cannot be relied on in all cases, and it is essential 
to cultivate the swab at the same time on a tellurite medium, incubating 
for 2^28 hours and making a diagnosis by recognition of the charac- 
teristic colonics, including the identification of the different colony- 
types, gravis,^ mitis and intermedius. (On tellurite media the typical 
metachromatic granules may not be demonstrable.) The two methods 
used together serve to check one another. It should be remembered 
that while tellurite inhibits many other organisms, diphtheroid organ- 
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^ diphtheria bacillus, and must be 
carefully differentiated from the latter. Hoyle's tellurite medium may 
be recommended. Growths are only just visible after twelve hours, 
but by using a plate-culture microscope colonies of C. diphtheriae can 
often be recognised by certain characters {vide infra); at this stage, 
however, the value of the plate is mainly in attracting attention to the 
presence of diphtheria bacihi missed on the Loffler’s medium. After 
1^24 hours the powth is more abundant, the characters of die 
colonies are more distinct and by the combined use of the two methods 
a high degree of diagnostic accuracy is attained. When the bacilli 
are scanty or^ when nasal or aural swabs are examined, 36-48 hours 
may be required for the recogmtion of C. diphtheriae colonies, and 
if there is any doubt at 24 hours, further incubation should be allowed 
before reporting. The tellurite plate also facilitates the isolation of 
pure cultures, and when there is difficulty in identifying the diphtheria 
bacillus by colony characters, and where this organism occurs in a 
carrier, a pure culture must be obtained and tested for its biochemical 
reactions and virulence. If, however, the organisms present all the 
characters of the gravis or intermedius type, in bacteriological practice 
in Britain, virulence has been generally assumed without resorting to 
a toxigenicity test. 

As tellurite has some degree of inhibitory effect on the diphtheria 
bacillus, the swab may be plated on digest agar containing 10 per cent, 
horse blood, which also helps to clarify a differential diagnosis of sore 
throat due to Strept. pyogenes. The diphtheria bacillus grows well on 
this medium, and, after incubation overnight, colonies can often be 
recognised and differentiated from those of other organisms. If no 
colonies can be recognised, a film is made from the confluent part of 
the growth on the plate and stained by Albert’s method. This gives 
the same information as the microscopic examination of a Loffler’s 
serum culture. 

It must be emphasised here that the responsibility for the diagnosis 
of diphtheria rests with the clinician. The bacteriologist can merely 
state whether organisms morphologically resembling the diphtheria 
bacillus are present in cultures from the specimen submitted to him or 
whether the growths on a tellurite medium are typical of this organism. 
Failure to find such organisms does not necessarily exclude diphtheria, 
nor does their presence prove the disease to be diphtheria. If the 
clinician considers a case to be diphtheria it is Ms duty to administer anti- 
toxin at mce, and continue to do so even if a negative laboratory report is 
received. The case fatality is directly correlated with the delay in 
administering antitoxin, and where there is reasonable suspicion that the 
case may be diphtheria, antitoxin must immediately be used without 
waiting for a bacteriological report. It is also emphasised that a reliable 
laboratory report, particularly in cases where there is doubt climcally, 
cannot be made under 18-24 hours, and at that stage the bacteriologist 
Can report on morphological or cultural appearances only. To prove 
conclusively the identity and virulence of the organism may ne<»S8iUte 
tests extending over several days. In order that the bacteriological 
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report should be as helpful as possible, the utmost care must be taken 
that a suitable specimen is submitted and precise details as to the nature 
and source of the material should be furnished. 

Allowance being made for the possible limitations of the diagnostic 
methods described, the results of such examination have undoubtedly 
proved of the greatest value as an aid to, and confirmation of, the 
clinical diagnosis. 


The Recognition of Colonies of C. diphtheriae on 
Hoyle’s Medium (Wright, 1943) 

After 12 hours' Incubation . — To the naked eye, growths of the gravis 
and mitis types represent a grey ‘‘haze’* hardly distinguishable from growths 
of diphtheroid bacilli, though the latter are somewhat blacker and moi:e 
glistening. Magnified and by reflected light, the colonies are matt and not 
smooth like those of diphtheroid organisms. The intermedius type show very 
tiny colonies which are strikingly uniform in size and appearance. 

After 24-48 Hours. — Gravis type — seen by daylight, growths are slate-grey 
with a bluish tinge; individual colonies have a paler border and if w^ell 
separated attain a diameter of 3 mm. after 36-48 hours. Magnified and by 
reflected light from an electric bulb, the surface of the colonies has a ground- 
glass appearance which only indistinctly reflects the image of the bulb; 
touched with a wire and observed with the plate-culture microscope the 
colonies are seen to break up very readily; the shape may approximate to the 
daisy-head formation as originally described, but often the colonies show 
merely a radial striation sloping from the raised centre to the slightly crenated 
periphery; sometimes the colonies are convex and circular in outline, with 
only slight striation and crenation. 

Mitis Type — the colour, consistence and size of colonies are similar to those 
of the gravis type and they also show a ground-glass appearance, though more 
glistening; the colonies, however, are convex and have a perfectly circular 
outline. 

Intermedius Type — ^the colonies are never larger than 2 mm. and growths 
are more delicate than those of the other types; magnified and by trans- 
mitted light, the colonies are very uniform in size and seem “pricked out” on 
the surface of the medium; they are blacker than the other types, but are of 
the same roughness and consistency; they are usually domed and circular 
with a tendency to crenation, but occasionally the margin is flattened and they 
show a “poached egg” appearance; after 48 hours they are frequently 
papillate. 

It should be noted that these colonies are sometimes difficult to dis- 
tinguish from those of certain streptococci growing from throat swabs, but 
the latter are black or brown and somewhat flatter. A microscopic examina- 
tion should be made if there is any doubt. 

Diphtlmoid Bacilli . — Growths are generally more glistening than those of 
the diphtheria bacillus; magmfied and by reflected light, colonies usually 
have a smooth surface on which the image of the electric bulb is sharply 
delineated; in colour, they range from black or dark-brown to pale grey or 
greyish-white; the characteristic slate-grey colour of the grams type of 
^phtheria bacillus is seldom seen; colonies are sometimes tough or mucoid 
in consistence, or soft and butyrous. 

In examining plates a uniform procedure should be used throughout, since 
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the predse appear^ce Md colour vary with the nature of the illuminant and 
the an^e or the hght. Colour is best seen with the naked eye in the confluent 
parts of the growA. It must also be remembered that variations in batches 
of medium may influence colony characters; and in diagnostic work it is 
advantageous to use, for comparison, plates on which known strains of gravis^ 
mitts zxia intermedius types have been inoculated and grown at the same time 
as the cultures under examination. 


Chemotherapy.— ^though diphtheria bacilli are sensitive to peni- 
cillin and other antibiotics, these drugs have no direct antagonistic 
action on diphAeria toxin and caiuiot be substituted for antitoxin 
therapy. Penicillin and er^hromycin have, however, been used with 
some success to eliminate diphtheria bacilli from the respiratory tracts 
of both cases and carriers. 

Prophylaxis.— Individuals having little or no antitoxin in the blood 
stream, e,g, as indicated by a positive Schick reaction, may be actively 
immunised by the injection of one of the following preparations: — 

(1) Formol-toxoid (FT): diphtheria toxin rendered non-toxin 
by formalin. The recommended dosage is three intramuscular or deep 
subcutaneous injections each of 10 ml. at four- weekly intervals. How- 
ever, recent studies have shown that purified diphtheria toxoid is, per 
se, a poor antigen. 

(2) Toxoid-antitoxin floccules (TAF): a suspension of the pre- 
cipitate of floccules formed when toxoid and antitoxin are mixed in 
appropriate “neutralising” amounts. Its tendency to cause reactions 
is slight, and a good immunity follows the injection of three doses, 
each of 1 ml., given at intervals of four weeks. TAF has been recom- 
mended for the immunisation of adolescents and adults. 

(3) Alum-precipitated toxoid (APT): a suspension of the washed 
precipitate produced by the addition of a small amount of aluminium 
hydroxide to toxoid. The precipitate is relatively insoluble and the 
toxoid is gradually liberated from the site of injection. Reactions are 
negligible in children under eight years, but in older children and 
adults they may be somewhat more severe than with TAF. Two 
doses, each of 0-5 ml, are given at an interval of four weeks, but this 
interval may be lengthened, e,g. to three or six months without any 
loss of antibody response to the second dose, 

(4) Another alum-containing prophylactic is a suspension of purified 
toxoid adsorbed on hydrated aluminium phosphate (PTAP) and 
this preparation is a more potent and more reproducible antigen than 
APT. However, with alum-adsorbed antigei^ there is a slight risk of 
provocation poliomyelitis in susceptible individuals (^e Chap. 43). 

Whatever prophylactic is used, a subsequent Schick test should be 
carried out on a sample of the inoculated community to test the immun- 
izing potency of the antigen. 

When an outbreak of diphtheria has occurred in a school or institu- 
tion, the susceptible contacts should, after preliminary Schick-testing, 
be given passive immunity by the injection of a small dose of antitoxin 
(500-^1000 units) followed by active immunisation, which may be begun 
immediately or after two weeks. 



188 


MEDICAL MICROBIOLOGY 


DIPHTHEROID BACILLI 

These are non-toxigenic corynebacteria with little or no patho- 
genicity. 

Corynebacterium hofmannii 

A commensal of the throat. 

Morphology and Staining. — Compared with the diphtheria bacillus 
it is shorter (about 2 ft) and may present a somewhat oval shape; 
stained with Loffler’s methylene blue, an unstained bar in the middle 
of the organism is a frequent character and renders it not unlike a 
diplococcus. It is strongly Gram-positive; usually no volutin granule 
are detected by Neisser’s or Albert’s stains. J 

Cultural Characters. — Grows aerobically on ordinary media ; growth 
are more abundant than those of the diphtheria bacillus, and the coloni^ 
are larger and more opaque. For appearances on one of the telluritfc 
media, see p. 186. 

Biochemical Reactions. — No fermentation of glucose or sucrose. 

It is non-pathogenic to laboratory animals. 

Corynebacterium xerosis 

A commensal in the conjunctival sac; it was originally thought to be 
the cause of xerosis conjunctivae. Closely resembles the diphtheria 
bacillus, and may show volutin granules. 

Can be differentiated from the diphtheria bacillus by its production 
of acid in sucrose as well as in glucose and by its non-pathogenicity to 
laboratory animals. 

Corynebacterium acnes {Propionibacterium acnes) 

An organism associated with acne, but its aetiological relationship 
to the disease is doubtful. It is Gram-positive, rod-shaped, and 
measures about 1-5 ft by 0-5 ft. It is markedly pleomorphic and 
frequently shows a beaded appearance: Micro-aerophilic. 

Other Diphtheroid Types 

Certain of these present a close morphological similarity to the 
diphtheria bacillus, and may exhibit the characteristic volutin granules 
by Neisser’s staining method, though differing in fermentative re- 
actions, e.g. fermenting sucrose. They are mostly non-pathogenic, and 
have been isolated from the secretions of the nosC and nasopharynx, 
the external ear, conjunctival sac, the skin, lymph glands (apart from 
disease) and other tissues, pus, wounds, etc. 

Barratt has described diphtheroid bacilli in the nasopharynx which 
tend to resemble Corynebacterium ovis, the Preisz-Nocard bacillus 
(ride infra); these organisms liquefy gelatin; they are virulent to 
guinea-pigs and rats, but diphtheria antitoxin no protective action 
against Aem. Cook and Jebb have reported somewhat similar organ- 
isms which ferment starch and might seem to be intermediate between 
C. diphtheriae gravis and C. ovis (Cook & Jebb, 1952). 
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Infections in Animals 

The following corynebacteria are common pathogens among domestic 
animals. 

Coiynebacterium ovis {Pseudotuberculosis ovis) 

bacillus^ is the causative organism of caseous 
lymphadenitis and psuedotuberculosis “in sheep. A similar organism is 
associated also with ulcerative lymphangitis of horses (vide infra). 

This organism is allied to C. diphtheriae in its biological characters. 

Morphology and Staining. — Non-motile, slender rod-shaped organisms 
1—3 fx in length by 0*4 p, in breadth. When stained, it shows beading or a 
barred appearance like other diphtheria-like bacilli, and is Gram-positive. 
By Neisser’s method volutin granules can be demonstrated. Club-shaped 
forms may be noted. 

Cultural Characters.— Gxovfth occurs at ZT C. under both aerobic and 
anaerobic conditions on ordinary nutrient media. 

Agar — growth is at first scanty; the colonies are small, thin, dry and 
greyish-white in colour, folded and granular and often show concentric 
rings, 

Loffler’s medium — colonies are similar to those on agar, but exhibit a 
yellowish colour; there is no liquefaction. 

Broth — a granular growth occurs with sometimes a surface pellicle. 

Gelatin — slow liquefaction occurs with most strains. 

Glucose, maltose and dextrin are fermented, but usually not sucrose, 
lactose or mannitol. A haemolysin is produced. 

Occurrence, — The associated disease in sheep is chronic and characterised 
by involvement of lymphatic glands, which are enlarged and caseous. 
Caseous nodules are seen also in the internal organs, e.g. lungs, spleen, liver 
and kidneys. The organism can be demonstrated in films or sections prepared 
from the various lesions. 

Experimental Inoculation. — Laboratory animals, e.g. guinea-pig and rat, 
are susceptible to experimental infection with cultures. Intravenous injection 
in the guinea-pig produces a lethal effect wthin about ten days, and at autopsy 
caseous areas are noted in internal organs, e.g. lungs and liver, Intraperitoneal 
injection in a male animal leads to involvement of the tunica vaginalis as in 
the case of experimental glanders. Subcutaneous injection is followed by 
lymphatic gland involvement, the glands showing the characteristic caseation. 
In rats, inoculation produces a fatal septicaemia. Sheep are also susceptible 
to experimental inoculation and die with an intense icterus associated with 
intravascular haemolysis. 

This organism produces an exotoxin resembling, to some extent, that of 
the diphtheria bacillus, but not neutralisable by diphtheria antitoxin. Guinea- 
pigs arc highly susceptible to this toxin and show at the site of subcut^eous 
inoculation an inflammatory lesion with oedema and haemorrhage, while the 
internal organs are congested and often contain small haemorrhages; there 
is, however, no change in the suprarenals and no plural effusion. ^ 

Diagnosis. — Filins are prepared from the lesions and stained by Gram s 
method, methylene blue and by Ziehl-Neelsen’s method (to exclude acid-fast 
bacilli). Cultures are made, and pure growths from single colomes are 
investigated as regards cultural characters and experimental pathogenesis. 

Similar organisms arc found in equine ulcerative lymphanptis (pseudo- 
^^rcy), and in pseudo-tuberculosis (caseous lymphademtis) of bovines 
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{Corynebacterium bovis). These organisms form a group of closely related 
types. They have frequently been classified as one species — the **Pretsz- 
Nocard bacillus*'. A similar organism (C. murisepticum) produces a septi- 
caemic disease in mice. 

Corynebacterium pyogenes 

An organism associated with suppurative lesions in pigs, cattle and certain 
other animals. It may occur in mastitis of cattle and sheep. 

Morphology and Staining. — Non-motile, rod-shaped organism not usually 
exceeding 2 /a in length. Shows great pleomorphism. Gram-positive in 
young cultures. Stained with methylene blue, diphtheroid forms may be 
seen with deeply stained bands or granules, but volutin granules are not 
usually observed in preparations stained by Neisser’s method. 

Cultural Characters. — ^Aerobe and facultative anaerobe, but some straihs 
grow better under anaerobic conditions. Optimum temperature about 37® C. 
Generally requires media containing blood or serum. The colonies on serum 
media are at first minute, but several days’ growth may attain a size of 2-3 mm. 
in diameter. They present no specially characteristic appearances. InSr 
spissated serum, egg medium and gelatin are all liquefied. This organism is 
haemolytic when growing on blood agar, and a filterable haemolytic toxin s 
demonstrable in suitable culture medium is lethal for mice and rabbits. In 
milk, acid and clot result in three days and after a time the clot is digested. 
Glucose, lactose and, in some cases, sucrose but not mannitol are fermented. 

A variant type which lacks proteolytic action has been described. 

Pathogenesis. — In the natural infection in swine, suppurative lesions may 
occur in various parts of the body, liver abscesses and arthritis being specially 
frequent. In cattle, the organism has been found associated with a variety of 
suppurative lesions, e.g. abscesses, pyaemia, pyelitis, mastitis, endometri- 
tis. 

Rabbits can be infected experimentally; intravenous injection of cultures 
produces a pyaemic condition with bone and joint lesions. Guinea-pigs are 
less susceptible. 

Corynebacterium renale 

This organism has been described in cystitis and in pyelonephritis of 
cattle. It resembles other Corynebacteria in general characters. It digests 
milk casein, but has no action on gelatin or coagulated serum and no haemo- 
lysin is produced. Litmus milk is rendered alkaline after two or three days’ 
incubation and a deposit is formed with a clear supernatant fluid having the 
colour of burgundy. Urea is actively converted to ammonia. Glucose is 
fermented; some strains also ferment laevulose and mannose. Injected 
intravenously in large doses into mice and rabbits, it may give rise to a fatal 
pyelonephritis within four weeks, the lesions produced being confined 
exclusively to the medulla. 

Coiyiiebacterium equi 

This organism has been reported as the causative organism of pneumonia 
in foals. It has also been isolated from a number of other animal species as 
in pyometra in cattle and from suspected tuberculous lesions in the cervical 
lymph nodes of pigs. 

It differs from other members of the diphtheroid group in its profuse 
viscid growth and the production of a red pigment; there is no haemolysis 
and no liquefaction of coagulated serum or gelatin. Carbohydrates are not 
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fermented and urea is not hydrolysed. Some workers have found it to be 
weakly acid-fast and unusually resistant to oxalic acid. 

Subcutaneous inoculation produces abscess formation in horses, pigs and 
goats, but there is no evidence of the formation of a toxin. Intraperitoneal 
inoculation into guinea-pigs gives rise to peritonitis. 


ERYSIPELOTHRIX: LISTERIA 

Erysipelothrix and Listeria, which are members of the family 
Corynebacteriaceae, have many similar biological characters and some 
workers would place them in the same species. They are common 
pathogens of both domestic and wild animals and birds and sometimes 
produce infection in man. 

Erysipelothrix rhusiopathiae 

{Ery. insidiosa) 

The causative organism of Swine Erysipelas. 

Morphology and Staining, — Slender, Gram-positive, non-motile 
rod-shaped organism 1~2 /x by 0-2-0-4 fx, occurring singly and in chains. 
In culture media, longer and filamentous forms are observed. True 
branching has been described, and on this account the organism was 
once classified as an Actinomycete. 

Cultural Characters,— Gvovfth occurs on ordinary media even at 
room temperature, though the optimum is about 37° C. The organism 
shows a tendency to be micro-aerophilic when first isolated, and in 
agar-shake cultures may grow best just below the surface, but is able 
to grow under both aerobic and anaerobic conditions. In gelatin-stab 
culture a line of growth occurs along the wire track with lateral spikes 
or disks radiating from the central growth. Surface colonies on plates 
are of two types: one exceedingly minute and dewdrop-like, with a 
smooth surface; it does not exceed 0-5 mm. in diameter when growing 
on agar. The other is larger and has a granular appearance. Various 
carbohydrates are fermented (without gas production), e,g, glucose, 
lactose; sucrose and mannitol are not fermented. Different groups of 
the organism have been recognised according to their antigenic 
characters. 

Animal Pathogenicity,— Mict, rats, rabbits and pigeons are suscept- 
ible to inoculation. Mice and pigeons are specially susceptible, and 
usually die of an acute septicaemia without four or five days after 
experimental inoculation. Subcutaneous injection in rabbits produces 
a spreading inflammation and oedema wiA a fatal result. Experi- 
mental inoculation (with cultures) in swine reproduces the disease as 
it occurs naturally. The smooth-colony type of culture is the more 

pathogenic. . . 

Pathogenesis.— In pigs the bacilli can be observed in the characteristic 
diamond-shaped skin lesion, and in internal orga^, e.g. lungs, spleen 
and kidney. In some cases there is a septicaemic condition and the 
organism is detectable in blood films, particularly in leucocytes. In the 
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duronic fom d the disease, in whidt a “verrucose” endocarditis occurs, 
the bacilli may be confined to die cardiac lesions. 

A similar organum, Efysipehthrix muris^Uca, is respondlde for 
epizootic septicaemia in mice. It is doubtful whether this org^anism 
constitutes a separate species. 

Ery. rhusu^thiae may occur in apparently healthy pigs, and has 
been isolated from the tondls, intestines and faeces. It has a wide 
distribution in other animals and in birds. It is also foimd, apparently 
as a commensal, on the din and scales of many fish (particularly mem-, 
bers of the perch family). 

Cam of kaman infection with this organism ate known as “Ery- 
sipdoid” and have a ^stinctive clinical picture. There is very severe 
pain and swelling of a finger or part of the hand with a dusky, gre 
discoloration of the skin of the affected area. The condition isl an 
occupational hazard for those who handle infected animals or fish; 
majority of recorded cases have been in abattoir workers, butche 
fishmongers, laboratory workers and veterinary surgeons. Acpordi^g 
to Sneath et al. (1951) it is seldom possible to recover Erysij^loth 
rhusUtpathiae from swabs, and the most satisfactory method is to obtai: 
a biopsy from the actively growing edge of the lesion and to incubate 
this for 48 hours in 1 per cent, glucose broth, subculturing on to blood 
agar. 

Laboratory Diagnosis. — For diagnostic purposes an attempt should 
be made t» cmltivate the organism from lesions and in acnite cases from 
the blood; inocmlation tests should also be carried out in mice o^ 
pigeons. An agglutination test is applicable. 

Artificial msmaasation against the disease in animals is carried out by 
the injection of killed vaccine in which the organisms are adsorbed^ on 
aluminium hydroxide and suspended in an oily base. The organism 
is sensitive to penicillin, which has largely replaced the use of immune 
serum for therapeutic purposes. 

Listeria monocytogenes 

This organism owes its specific name to the fact that infection by it 
in laboratory aiumals, e.g. rabbits and guinea-pigs, produces a mono- 
cytosis in the blood, .^though it was originally isolated from these 
animals it is responsible for disease in a wide variety of hosts, e.g. foxes, 
dogs, gerbils, guinea-pigs and recently in chinclull^ imported into this 
country. In farm animals the disease is mainly aa^ncephalitis, ahhoug^ 
tibe organism has been found in foetuses from cases of abortkm in ca^ 
and sheep; in rodents and poultry necrotic hepatitis and myo^ditis 
are frequently seen. It is a rare cause of menii^o-enoephafitia in man 
and of giranulmnatosis infanfiseptica in the newborn. 

Mor^logy.~^lt occurs as a Gram-positive straight or slight^ 
curved non-sporing rod, 2-3 fi by 0-5 /t (average), often in j^urs^ end 
to end at an acute an^. Sometimea elongated filaments may tw 
observed, particularly in solid medium at room tenqterature. It is 
feebly motik at 37” C., but in your^ hrbih <mltuxeS aet 25*^ G. ft i* 
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taow ac^ve ediibits foar Youw ol tibe 

ixgfijmm we Gwm-positive, but aftet ibrty-eight houia ma^'tsc 
Gram-negativfi, while iaoWw cultures they my be entirely GraniT 
l»^|!Stive. ■ 

Cultwrtd CWucterf.~>Culture8 can be obtained at 37° C. 
aetoto condttiom on ordinary medk, but growth is bietitw ^ 
containing fiver extract, blood, serum or glucose. The cnlwwii'e at 
iir^ very small and droplet-like; after a few days' g row th mif' 
attsrn a dKaineter of 2 mm., being smooth and transparent, thongpi httes 
they may be more opaque. Surface colonies on blood agar ate kiw- 
rounded by a narrow zone of cmnplete haemolysis. Gdhdin and 
Ldffler’s serum are not liquefied. In stab culture, growth occurs 
evenly along the length of the stab. A scant colourless growdi is 
obtained on MacConkey's medium, while on tellurite medium the 
colonies we small, black and glistening, surrounded by a characteristic 
zone of green colouration. In glucose, maltose and certain other cotnmon 
sugars acid is promptly produced without gas; lactose and mcrose are 
fermented slowly, but mannitol is not acted on. 

Listeria is susceptible in vitro to poucillin, streptomycin, the tetra- 
cyclines, Chloromycetin and erythromycin, but resistant to sulphoh- 
amides, bacitracin and polymyxin. 

Animal Patht^emcity . — ^No demonstrable exotoxin or endotoxin is 
produced. Experimentally, the organism is pathogemc for ral^its, 
mice and guinea-pigs, but not for rats and pigeons. It gives rise to 
focal lesions on the chorio-allantoic membrane of chick embryos. It 
has been suggested that for the primary isolation of Listeria from the 
brains of shrap and cattle, refrigeration of the tissues is essential before 
inoculation of enriched medium. 

Human Infections . — Cases of meningo-encephalitis in man have 
been described, characterised by a suppurative meningitis with mostfy 
a mononudew or polymorphonuclew exudate in the CSF and a 
monocytosis. There is no confirmation of the claim that Listeria is 
causally related to infectious mononucleosis. 

An intra-utwine infection, characterised by extensive focal nedtisls 
e^>ecially of liver and spleen, known as granulonuitosis infahtisqyto 
hw been described by Contmental woikers. It causes a hig^ mMtiity 
in the affected foetus or newhom diild. 
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MTCOBACTERIUM 


JD<^ie^.~Slendef rods occurriag mostly in pairs or small clun^>s; 
tendency to clubbing and even true branching; difficldt to stain because 
o£ waxy constituent^ but once stained resist dkcolourisation with add 
(add-htst); non-motOe, non-capsulated, non-sporing; very slow erowth; 
aerobic; some spedes have not been estivated on artificial media. 

Pathogenic spedes affect man, ma m mal s , birds and reptiles and are 
widely distributed throughout Ae world. The pathogenic members of 
MyctAactmuM tubercuhm which merit particular attention here am 
the h$man and bovine strains; the eanan strain very rarely affects man 
and more often pigs; the murine strain affects voles and 1^ been usm 
as a prophylactic vaccine in man. Myco. l^ae is the cause of lq>rosy| 
whidi toiky occurs mostly in tropical and sub-tropical countries. 
Myco. joknei causes a chronic enteritis in cattle and sheep. ' , 

Mycobacteria characteristically produce chronic granulomatous 
lesions, which, in the case of tuberculosis, break down by caseation. 
The most common lesion is pulmonary tuberculosis. I^eprosy occurs 
in dther a mild tuberculoid form or the more severe lepromatous 
nodular disease; it is a very chronic infection. 


MrcOBACTERlUM TUBERCULOSIS 
Human Type 

Morphology. — Slender, straight or slightly curved rod-shaped organ- 
isms, 2*5-3'5 ft by 0*3 /«, with rounded, pointed or sometimes expanded 
ends. In the tissues drey may occur singly, or in pairs often forming 
m obtuse ^le, or in si^ bundles of pa^el bar^. Hie organism 
is noil-motile and non-sporing, though it possesses considerable powen 
of resistance to drying. In old cultures, individual cells may grow into 
long filaments and show branching. 

Staining . — ^The tubercle bacillus is more difficult to stain than otiher 
bactem. A strong dye with a mordant is required {e.g. carbol fuchsm), 
and either prolonged staining or die application of heat. It may stain 
uniformly or show marked beading. When stained it resists decolour- 
isation with 20-25 per cent, sulphuric or nitric acid, and also widi 
alcohol, and is theraore described as ‘'acid- and alcohoI-fist**. 
tubercle bacillus is Gram-positive but tbi« diameter catt be demoQ* 
strated only widi difficulty. 

Cultural Ckaracters.-^Axxcbe; tanpemture nuge, 30M1® C.* 
optimum, 37°-38® C. 

Dom not grow on ordinary media. Piimaiy growdis be 
blood or serum tnedia, or preferably on » ntedhtm 
ug whole or egg-yolk. In subculture, growtiv ssay mwiR 'm 

ordinary iitedte (agar, broth, potato) widi S-6 ^ oetife 



Growtii it tlow^— 10-14 days at the earliett and at faktit at 6»i*0 lanec^ 
after primaiy inooulatiaii. 

A nwat cmvfettimt medium for artificial culture in orcfiaaty iil»* 
oratoiy work it one of the glyceroln^g media, e.g. Lowenttem^JTeiittiii* 
to which a low concenttation of an inhibitory dye, malachfte gif Hn tfi dl 
added to prevent growth of contaminants; the irrowdi is «ml 

prMta the foUo^ appe^ce: dry, irregulS-, tou^ ai^ teHittiotp. . 

wrmklfid or mamrllated, at first White, later buff-‘C<douted- ' f 

If a fragmrait of inoculum is floated on the sutfece of hMlIw 

growdi threads on the surface of the medium as a white wrinkled pAS 

Fairly rapid submer^ growth can be obtained in a fluid medium 
designed by Dubos contaimr^ casein hydrolysate, bovine serum-rdbunun, 
asparagine and certain salts along with a surface-active water-soluble 
lipid commercially known as “Tween 80”, which is a polyoxyeth^ene 
sorbitan mono-oleate. This medium can be solidified and used for 
surface growths by incorporating agar. 

Bio<*emical reactions arc not ordinarily used in the identification 
or classification of tubercle bacilli. Antigenic analysis has shown tha t 
there are four main serological groups— mammalian (human, bovine 
and murine), avian, reptilian and saprophytic. 

Viabitity.— The thermal death-point is 60° C. for 15-20 wina, 
While many individual bacilli die when desiccated, a proportion survive 
for several wedcs or mondu, if protected from daylight. The organism 
is relatively resistant to injurious chemical substances; it can survive 
in putrefying noaterid, and in sputum may resist 5 per c«it. phenol for 
several hours. It is highly susceptible to sunlight and ultra-violet 
radiation, and ordinary (uylig^ even through glass, has a ledud effect 
Myco. ttAercuiotis is sensitive to streptomycin, viomydn and cyclosmine 
among the antibiotics and to para-amino-salicylic add (PAS), iso- 
nicotinic add hydrazide (INAH or isoniazid^ thiosemicatbosone, 
methionamide and pyiazinamide among chemotiien^ieutic agents. 

Ammed Padugmicb ^, — ^The guinea-pig is hi^y susc^ble to ex- 
perimental infection. If injected subcutaneously v^ the badlli dther 
in patiudogical material or in culture, after a fow days a local swelling 
results condsting <d tuberde nodules, which become influent, undergo 
caseatiem and may finally ulcerate. The neig^iboarini^ lymph glands 
become invohned by spread of the badlli along lymphatic dmmds and, 
later, lymph glands in other p^ of the body are affected. The aniimd 
begins fo lose wetland dies in six wed» to three memths. Atantoipiw, 
a goieratiacd tuboeulosis is noted; lymph glmds afa^ dbaradms^ 
tuberculous ledoos; the spleen is eniiurg^ end comains g^itfyish-whfte 
tuberculous nodukn or larger caseous lesions; the liver presents a , 
similar oondMon. The lunga and the kidnejn, hewevdt, may dimir 
relath^ sh^ Wfot w or ^ {nactically free firm tubertulmM ooiillM, 

If tile ■wi'WMl ia iflHiid four w five weeks after iateoticd, 
tubetcuhnis ncd i ide * may be present omfy in the spisch and cm Ite/ 
P^rit(HiQiiixi« SmMm tlwtys nurab Iimii w ikl liiCii 
lesioitt ind ft*laf** hf SSsht^KesIsaa's metimd tb , 

: i>»cilli. 


MEOICJW SCZCnaUXOLOQT 

l3QniaKid-sefl0ittve i3jl>«e^ ImaSIt htm iti 

Madras area have been shown to be on average ksa vmdent Ibr the 
guinea-pig than snrains from British parienta; the ksa wnlent strains 
have a greater sensitivity to hydrc^^en permdde (see Mitchtson et td. 
1960, 1963). 

Mice are much lem suscept^k to experimoital tuberculosis than 
are guinea-pigs but after intraperimneal or intiaveneas (or intncerebial) 
inoculaticm they develop pr^ermve or dtronic lesiom aocoedisig to 
the dose and virulence of me strain. 

human type of tubercle badllus, apart from its occurrence in 
human disease, h^ been found also in natural tuberculosis of monkeys, 
catde, pigs and dogs. 


Bovine lype 

Morphoh^ and Staining reactions are practically identical wil|^ 
those of the human type. ' 

Cultural Charactert. — J^s compared with the human ^e, growth 
is less luxuriant, and the bovine type is described as “dysgonic” (die 
hwnan type being referred to as “eugonic”), On e^ medium it forms 
a thin, white, smooth, slightly moist, granular and easily broken-up 
growth. The difference between the human and bovine types is 
accentuated by using a glycerol-egg medium. Glycerol favours the 
growth of the human type, but has no such effect on the bovine variety. 

Animal Pathogaudty. — ^The bovine type is more virulent to cattle 
and other domestic animals than the human type. In the ox it produces 
a fatal tuberculosis, whereas the human type causes only a localised 
lesion which heals spontaneously. 

The difference between the two types can be elicited by injecting a 
rabbittatraoenotofy with an emulsion in saline of 0*01-0* 1 mg.(dry wt.)of 
a culture on solid medium. The bovine type produces an acute ^nem- 
ised tuberculosis, and the animals usually me within three to six wedcs; 
in the case of the human type the animals survive, or die only after 
several months, with lesions confined usually to the lungs and kMiH^ 

The differentiation may also be made by injecting 10 mg. of ctilture 
nAaOaneousfy in the rabbit; the bovine type leads to a general tuhear- 
culosis, whidi is fatal usually within ten weeks, whereas die human 
type produces only a local lesion. 

It is to be not^ that strains which deviate in dieir characters from 
the standard human and bovine types may be met wadi. Thut, atiains 
isolated from lupus are frequendy of attenuated virulence for lahtnatocy 
animals. 

The bovine type of tuberde bacilhis, in addtdon to its assodadcn 
widi tuberculous of cattle, is the conmumest varieQr foutnd in tabtfr- 
culosts of most other domesticated animals U 4 , lunaes, fiidl wtd 
dogs), but infection of domesdcated aninum wflh t^ IwwBaii 1111110 
nu^ also occur. 

Xktiiq[lMnaia.---*T1w moat comnmo form of prittwfy 
die tubercle bacilhis is a pulmonary leuan, known as die |itdiaMt|' edte' 
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plex or Gli^ ^^<»ISnQistnaarekiltt]e4iftveiy«^ 

{axA more dum S |» m dnm^) into the tenninal hrotuhidiitB of iSwedUV 
ana the pnmary Inmi may occur in any part of tiwe inttn wi- Fhcnn k. ’ 
0«^ by iympluoic /ri^ 

gtinAi paum in iroicii there may be nroinesaive enlafafeiidi^ ind 
inwJmne^ followed by caseation and tfWW 

eialtaed mfoctum may follow spread of foe otgmto ^foet mltm 
blood'^tream or foe bronchi, resulting respecfoieiy in 1 (||^ 

bronfoopneumoaic tuberculosis, usually with kskms in ofoer 
befoles foe lungs, e.g, brain and meiunges (tuberculous 
spleen, livwr. Primary infection may also occur via the nfob 

involvement of foe mesenteric glands or via foe tonsils with secondary 
cervical adenitis, usually from ingestion of infected millr These forms 
of tuberculosis have become much rarer now that most milk supplies are 
pasteurised and bovine tuberculosis is virtually eradicated for Britain. 
From studies during the Second World War about a quarter of foe cases 
of cervical adenitis in children under ten years of age were at that 
caused by the human type and about three-quarters of foe cases of 
menii^^ed and bone and joint tuberculosis were also due to foe 
type. Primary infection of foe skin (lupus vulgaris) is now a rare 
condition; infection via skin lesions sometimes occurs from handling 
infected materials (laboratory workers and veterinarians) while intra- 
cutaneous BCG vaccination may produce a form of primary complex 
with local skin lesion and an assodated adenitis. 


While tuberculous menin^tis occurs characteristically as a com- 
plication of foe primary lung infection in very young diildren, it may 
also develc^, e,g. in ol^r children and youi^ adults, as an apparently 
primary infection. In such cases, as in many instances of renal and 
bone and joint tuberculosis, there has presumabfy been an earfy 
“seeding” of tubercle bacilli, blood-bome from the primary lesion in 
foe lui^ or dsewhere, whifo has lain latent until some factor has 
encouraged fresh activity. Sonoetimes, too, an active lesirm in one ires 
may help to reactivate a latent infection in another organ or tissue. 

The post-primary (or adult) form of pulmonary infection is foe most 
common form cd dini^ tuber^osis in wfaidi one 6r more hmg leai<ms 
progress to caseation and cavitation and, involving foe brond^ tree* 
create a case of open tuberculosis. This dinical tesitm oecuta foaP- 
actuistka% in young adults and is often due to a frefo mcogenow 
infection; in oh^ pecqile pukntauuy tuberculoris is nicav ISb^to be 
a reaetivaitkm an earfier healed primary or secondary kdoh. TtfoCf- 
culous ulficiithma fo foe larynx and inteatinc when foey ocettr «» 
sequdae of puhnooaty tifoerculocus ^tead by infected aptfodd; 
simjlariy aeOMidary fofocttons of ureter, bladder, cpididyods iday 
renal tifoirciikMis. 

]BpldMaMo«p«~7Vibetculotis has a woild^WidB disfribiKfofo'«fl 
today prclMibly takes btecedarce over mdaria ai iofpwIMl: 

global oontafofoav to daafo end disaldlfty swaont dfe ipedfto biWditiil) 



lf$ ME&ICAI. 

m Britain have been techiced by ovear ^ per cent, during thb d^Mdki 
1950-60. The decrease has been most marked in diildrea and young 
adults as illnstiated by' the ;Sca4ri8h data for 1950 and ]i960;i(Ftg. 15]^. 
hlotbidity rates, as indicated by aoriScations, am riso riiowktg a declnie 
but la gging behind the drunatic fall in mortality. When inteaiaive case 
finding is carried (Hit, as in the Scotthfa mass radiography survey in 
1957-58, BOt^cations will show a tempoi^ increase (F^ 16), A 
lawful indicator the amount of infection in a ccmimunity is. given by 
the incidence tubeieulin positive reactors in a paiti(»lar group. 
In Scotland the proportion of positive reactors in children aged 13-14 
years has fallen from 48 per cent in 1953 to 19 par cent in 1962 
(MacGregor, 1%2). 


RCtPWATOKr TUWnCULOUS 
DEATH HATES PEA lOOpOO— SCOTLAND l«SO AND IMO 
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Fuj. 15 

With the control of bovine tuberculosis which in earlier years 
aixounted for 5-10 per cent of all deaths from tubercnilosis and about 
a quarter of the cases of childhood tuberculosis, infecrion is nowaday 
pr^cnninandy due to the human Qrpe of Myco, tubercuhsis and is 
^read mostly from open cases pulmtmaty tuberculosb. The organ- 
ism is eiqiectorated in sputum and expelled in droplets during coi^|iing 
and speaking and tlwre have been instances of ttiqiloaive oudireiuca el 
tuberculosis in school chUdten and others expc^ to an infective 
teariier or ain^. But since very small dropliM that cm be iahakd 
directly from &e infective patient are leas Ukdy to cany tuberde baciUi 
than larger drt^lets or iputum, infection tmqr oocm moee often in- 
directly jGrom dried dust partiides than directly ftotn moiat dn^kfi or 
droplet nuriei. Tuberde badlU survive rioyr didiig for days or ifiapp 
if protect from the bactericidal dayli^ or aiuingfo; ad that 
of inlecrion ftom infected caae to auac^tfole coenaoin I eoBtaffwnifo^i 




TtrASRCt;L0«i8 9^ 

diMt or wcmldlw fiM^tated iftovetc^ lw% fitlocfeBBldr 

t>tiildiii|8. Ptinui^infecdcmnuqroccaratanyage; 
life <(M yms) it » ofe^ assodated with ai^ or ^maptoms ol dfeeiW), 
a.^.haartabeidik>6is or the inore serious aystemkimedhMia. Al^dfedt 
age (5~15 years) infectkm U8aa% occurs in an im^^^mrent Imm, bttt hi 
adolesooits and youi^ aduhs is again mture Ukely to fesult hi gHijwBal 
disease. > ^ 

Infection occurs earlier and is more likely to result rndtoacaldillillh 
among suaceptibles living in dose contact wife open cases, feUNiqilif 
personal and environmental factors may contribute to Overt tolMtf* 
culosis, e.g. age, malnutrition, other respiratory diaeasOt hormonal 
dysfunction, pregnancy, stress, genetic constitution, etc. 

NOTIFICATIONS OF NESPINATOaV TUBEKCULOSIS 


160 160 
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FlO. 16 

t Woricers exposed to the inhalation of dusts, containing sdka have 
a hi^ incidence nf tifeerculosis. Nurses, medical studeoia, doetom 
and worlurs in pathological Ifeoratories are more exposed and teud to 
have a iof^ fe^ average rate of infection. 


The Tubereiilin Teat 

Kodi made fee orfeinal Observation feM vfeoi a tve be a IeM 
culture of nfeerde Iwim was inject^ iwhoitaneo^ 
itifeciod Ittifliet wklt ilidw ^ ^ 



^ MBDICAl. MlClt^l9L06Y 

f^mommm, and Ksoeb weat <m «d idvow 

aofuld be elicited widt «n extCKt oontaii^ {Mrat^ oi llie 

tid)ercle baciUi, 'wbich he called uAercuibu The tub^ro^ leacdcHi is 
due to die deveh^ment of t»»ie hypersensitivity — or bacterial allergy 
->-aad is used in man and animals to &ul if th^ have or have hi^ 
tubm^u^is in an active or fa^t form. 

Tuberculin was originally obtained from a six-week-<dd adture 
in glycerol-brodi, evaporated to one-tendi <MF its vtdumei sterihs^ by 
heat and filtered (Old Tuberculin — OT). Varimia other medmds 
have since been employed in its preparation. The specific tuberculoo 
protein can now be separa^ from other consthuents and products of 
culture in a synthetic medium and then purified. Thia Purined Prot^ 
Derivative (PPD) is preferable to Old Tuberculin as it is constants 
composidon and potency, and there is an absence of non-specmc 
substances. It is issued in the dry state, from, which it is easy to prepaW 
dilutions by the addition of a borate buffer solvent. | 

It should be noted that tuberculins prepared from the human anf 
bovine types of tubercle bacUius are indistinguishable by the usuall^ 
accepted methods of standardisation as they contain the same specific 
substance. 

Tuberculins are standardised under TSA Regulations in such a 
way that a dilution of 1 :10,000 of OT is equivalent to 1 tuberculin 
' unit (TU), while 0*000028 mg. of PPD equals 1 unit. A common 
practice in using tuberculin is to test first with 3 or 5 TU and if the 
individual gives no reaction to re-test with a dose of 100 TU 

Tuberculin tests in man are carried out on the akin by different 
techniques; those most commonly used in Britain are the Mantoux, 
Heaf and jelly tests. The Mantoux test consists in ffie intradermal 
injection of 0*1 ml. of the appropriate dilution of tuberculin; the test is 
positive when there is an area of induration measuring 5 mm. in 
diameter two to three days after the injection. 'Vl^th the Heaf test, a 
mul^le punctate spring release gun is used to prick the prevkni^ 
applied tuberculin into the skin; a positive reactum may range ftam 
^ discrete papules to solid induration. These two tests are usuidly 
done cm the fcHrearm. In the jelly te^ a tuberculin jel^ is appUed in 
the form of a in the intrascapuliu area of the ba^ and covered 
with plaster; with it, but not with the odier two tests, a control teat 
isuB^. 

In a reomt conqtaristm (Repeat, 1958) of these three and the l^oa 
wa rific s ti im test, in whiA sudt factors as sgsitmQr, yqMudBia» 
bili^, ease of performance and oonristency were onaa|wt^ dte 
h&ntoox and Heaf tests were shown to be lelifible and acocf^le ibr 
large-scale effidemiological hvest^rions: in genaal, ffte Heaf teas 
to ffte Mantoux test, tlm test may Ito 

iq^teniok^ic^ to determine the kddotoe of tatMeetehtei 
tarn in a cemununity. In a large-scale Medical ResearehCouneffsteS^tey 
to ^land and Wales in 1949-50 to cover tim agerferiod 5-^ 

Ihwc was a steadily incteask^ proportion of fwmtte. rmtoMte .|i^ 
around IS per cent in Ae S-year-oMs to 33 per oeait. in die 14- yytori 



md W p«r «ts± ^ ttwie aigtd 2Q yeaw. Ai»«ag 

^^moe was Ugh^ in ratal arau (eqnscyfy in oMmtim it^JUnwIi 

bcmue twMvcwatta) aadj^ lug^ in induatiial nAm ‘^kmn (in ®««f 

mdiiitiruu unwi at^eas# Thera is evidence of a lediicticM in ' 11# 

iftcidepoe <rf poaitive raratora in recent yearw; (h\ 

diiMran with raaiM^ A poaithra «a«i«* ini 

young child may alao be useful for case-iindiiift liMk teSr 

contacts) (c) in unmuniaation campaigns in ordef to 

positive and negative reactors and to assess the reapeams W ViccioKtiiik 

by sample teMing afterwards. 

Tuftereidwi Test in Cattle.— The tuberculin reactions have been 
utilised in the recognition rf tuberculosis in cattle, and are ofgreat importanoe 
in testing raws. Thus, in England tuheraOm^temd nM. and in Scot- 
land eerttfied mdk and ttAereuUn-tested milk, must be obtained fixMn Uibeteidin* 
tested animate which give no reaction. Until recency the test in eatde has 
usually been carried out in this country by the double snelhod, but 

today the su^le aOradenud eon^ative tea is preferred. PPD tabmuUns 
are uaed, doaes of 0*1 ml. being injected intradermally in the neck. Two sites 
^ cho^ ^e upper oat for the av^ tuberculin and tihe lower «te (5 in. 
below) for me mamin a lian tuberculin: the skin thickneas in the area is 
measured. The test is read at the seventy-second hour, the akin thinness 
being again measumd and the reaction examined for evidence of oedema. 
Any swelling showing oedraia or an increase of 4 mm. or more in akin thick- 
ness should be regarded as positive. The interpretation of this test depmda 
on the presence or absence in the herd of non-specific infections such as 
Johne's dw irase or so-called aUn tuberculosis that may sennttee foe 
to tuberculin.^ In cases where foe comparison between the reactioDS to the 
two tubercuHna proves inconclusive, the animals concerned i« h«a#ld be 
teedated and te-toked not earlier than thirty days fidlowing oomjk^tknt of 
foe herd test. 

By foe systematic um of foe tuberculin test for the detection of infection 
in cattle and foe elimination of positive reactors, bovine tubeiculomi hm 
been virtually oadicated from Britain since 1962. 


LabofWtiMy Dtagnoafe 

Tubeide bacilli are moat numerous in lesions showing rapid case- 
ation, «.f . adult-type puhnonary tubercutosis. In miliazy ttfoerculeafe 
they to be reladvdy scanty. In chronic dosed lesfena few 

tubcatde bacilli are observed, snd tluy may not be detecafele miciiQi- 
scoptcally dunifi^ demonstiabfe by antnal inoculation, « 4 f. tn the pm 
from a tuberaokwia dMoees. 


Dina Jliterewxi^ £^sdNiMMfeaR.---Sputinm a film ia feofo 

a puniknit portioii of die nputora and atamed by .tbs SSdUklMblfo 
tnethod. Tim iiae df the 44n. od immenam objedbw b padfen^ 
recommamilBd. T1tooafe4f^»pedontitofihn,a»ddddfi|aaP0fd|i 
oil-botde ib^ ildnmr misk the fibfo otewteanid-lwtlmM 
^ tnumfeMwid 'feo tbs ofl container* Afeat eiafe ee a wMbidfeb ibil' feMk 
<>ftl»afc|oaibiabBaidiwwto 
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M8DICAL M3CSOBIOLOGT 

nMnttartM, Wntten H (No. tft front of aiu^ittimsity iU ui o i m mt. 
1%6 and 4dbn« i^»eu blrok, while if ^ooimtentainMi^ 
grrondiebadkground of cells now almost disappean, tenderini^llie bictdi 
moro ea8% rocognised. In case of doubt roe screen can be removed, 
md the otganisms verified with the ^-in objective. A pt^anged 
exanunatkm majr be necessary in some cases where the bacilU aro 
relatively scanty; a negative result by no means excludes tuberculosis, 
since some 50,000 tubercle bacUli must be present in 1*0 ml. sputum 
for a positive microscopic finding. 

Fluorescence Microscopy, after staining wirii auramine, may be 
substituted for ordinary microscopy with Ziehl-Neelsen stained films. 

In suspected cases of pulmonary tuberculosis with no obvious, 
sputum, stomach contents obtained by gastric lavage should be ex-| 
anuned, coughing may be induced by p^ing a swab on to the! 
posterior pharynx, the expectoration on it being used to prepare 
a film for microsoopic examination. 

Urine, pleura] and poitoneal fluids are centrifuged, films are made 
from rite deposit and stained by the Ziehl-Neelsen method. As tubercle 
bacilli are onen scantily present in these fluids, the deposit from 50-100 
ml. riiould be used for both direct microscopic examination and for 
culture; or the cultural method recommended by Ives and McCormick 
(1956) may be used, i.e. 100 ml. of pleural fluid is added directly to 100 
ml. of double strength Sula liquid medium. 

With all urinary specimens it is essential to treat the film with 
alcohol (two minutes) after decolourisation with acid in the Ziehl-Neelsen 
process, in order to exclude 8m^[ma bacilli. In examining urine it is 
advisable to obtain the sediment nom a 24 hours’ specimen because 
intermittency of excretions. Alternatively three consecutive mornii^ 
spednmns may be examined. 

Cerebro-spinal fluid is allowed to stand in a stoppered tube for an 
hour or longer, when a “spider-web” co^;ulum usually forms in the 
fluid. The clot is carefully transferred to a slide, the preparation is 
dried, fixed by heat and stained by the Ziehl-Neelsen methi^. In the 
absent of clotting the fluid is centrifuged and the deporit examined 
in the usual way. 

In suspected cases of intestinal tuberculosis, Z-N stained fiilms of 
fimCes nuy be examined either directly or after concentratirm witibi 
4 pet orot. caustic soda (see below) but a positive folding is not neoeS<* 
siuily diagnostic since saproph]^ acid-fast bacilli may be present. 

in the case of tissues, sections are stained by fro Ziehl-Nedsen 
a«fliod. 

Ctdthodm of the TiAercle Bacilbu from Pt^t^ogiad MetmaL^U 
the ttfoerde bac^ ate likely to be present in pure cultuie in ttae 
matofhd, two acrew-opped bottles contrining shpes of egg me^hiton 
can be moculated directly. If othor orgamsms are ptnand:, hi 
apatuni ur urine, one of the procedures desucSied below inuat be Wfd 
kt otdex to dodroy the conta m i n ating bacteria and bfonageiiiae iht 
apedraen; in thh case the oartrift^ tdbea, wateir «r cilher Ihiid 
for wariiuig dto sediment, eto., iinwt be ster^ 
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QttMtam mmt, bt tafsea in the handling of tiiherovltilt iniMri^ 
and dnttng n»uad{wi«tiniaa tile ms (tf a aped^ 
ia n»(Miie^e<L 

(a) Petroff ’a method (modifiedV-^putum is lamsd thcasaug!^ Wftil 
an eq^ volume of 4 oent caustic soda and placed in the 

at 37” C. for thiitjr miiiutes, die container being shalced ei^ 
minutes. The mixture is centrifuged at 3000 r.p4n. for 30 
and die snpematant fluid |K>ured ofi. The deceit ta neuttajli 
8 per cent, hydroddoric acid, which is added drop by drop, daw 
of the mixture being tested by add^ a drop of ph^l red stwdiwt'li 
the tube. Hie deposit is examined microscopically and is dben 
inocukttd on Ldwenstein-Jensen medium.' Solidifled Zhfoos m wl h Mn 
or some modification of it can also be used. Numerous other liquidt 
semi-solid and solid media for the primary cuMvation of tubetide 
bai^U have been described; it is advisable to use a medium udiich 
experience has proved to give constantly good results with a min i m um 
of contaminations. 

(b) Nassau’s modification of Jungmann and Gruschka’s tneduMh 
Prepare the following solutions: 

SoluUon A. 

Ferrous sulphate . . . . 20 gm* 

Sulphuric acid 20 per cent. (vol. per cent.) . . 100 mL 

Solution B. 

Hydrogen peroxide . . 3 per cent, w/v (10 vols.) 

Solution A can be made up in bulk and keeps indefinitely. Sotution 
B must be made up fresh on each occasion from a standard pharma^ 
copoeal 6 per cent w/v solution kept in the dark. For use place 2 mL 
of sputum in a univei^ container. Add 1’2 mL solution A and 1-2 mL 
solution B. Shshe the container for thirty seconds and allow m stand 
on the bench for twenty minutes, shaking at intervals. Cent^ge « 
3000 r.p.m. for thirty minutes and discard the supernatant fluid. Fill 
the container to the shoulder with 5 per cent, sterile sodium citral^ 
shake vigoroudy, and again centnfr^. Decant the supernatant fluid 
and inoculate the dtyKteit <m two slopes <rf Lowenstdn-Jraisen medu^ 

Ahemate reagaits used for the "pre-treatment” of « oaier 

cmitanunated speciincns m be cultured for tubercle baotUi oadude a 
saturated solution of triaodium phosphate (12-24 hours), 
ammanfom ©MHpounds and mucolytic entymes or a oonmmamm oi 
the Utter two substances (Saxholm, 1958) 

In caaminiiig i»h*Mty cukures derived from sput^ 

washio^ etc. the ttossibUky nuist be b^ 
acid-foat badUi (iwfc hf/ba) b«mg pw^ 

sonmtmiitairidd growths turi unlike that o f 

Bcrmfovof'ri»e5turod«ntf4b^ 
pigmounttoii, «tn« ShdaoultureB ^noid w> mim ffl 

w 
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it'ttiy doubt futte tests indadbif wM psdMgcsiMH^ 
be ottried out (see abo Anonymous MbfcobMtadAt p. 207). 

Afjero'OKfiure.—Methods have been devised for cultivuiBig tifoetde 
ba(iiu diiec^ £nm ^tum by smearing dm apedOKn thiokly on 
«.g. mktosoopic slides divided in two, treating 

tbfm with some agent to destroy organnma other dm tuberde bacUH, 
i.g. 6 per cent sidphuric acid for twenty minutes, and then washii^ 
dmroi^^ with st^ disdUed unter, and finafly placing the riides in a 
auhable fluid medium, e.g. citrated human blood lya^ in an equal 
volume of 1 p^ cent saponin (Pryce, 1941). After incubation for about 
a w^ tte slides are stained by the ZiehUNeelsen mediod and young 
colonies cS foe tubercle bacillus can be seen by nucroscopic examination 
first wifo die low-power and then foe mi-immersion lens. Thismefooa 
hu s^ been used in testing resistance to chemotherapeutic drugs. 1 
Gumea-fig /nocwlarioff.— In laboratory diimoris, where tuberdei 
badlli cannot be detected in specimens microscopic examinatkm,| 
guinea-pig inoculation in addition to direct cultivation may be used, 
as one or other (or both) of these procedures often yields postive results 
when microscopic examination is negative. Wifo most materials, 
oilture gives at least as high a proportion of positive results as gumea-pig 
inoculation and has the advantages that a positive finding can be re- 
pmted earlier and foe culture is immediately available for sensitivity 
tests. In suspected renal tuberculosis, on foe other hand, guinea-pig 
inoculation of microscopically negative urinary deposits seems to be 
more often positive than culture. 

The usual method of carrying mit the guinea-pig inoculatimi test is 
to inject material subcutaneously in the fit^ or intramuscularly in die 
fo^ ot two guinea-pigs, one of which is killed at four weeb and the 
other at eig^ weeb. The result of foe guinea-pig test can sometimes 
be expedited by intradermal inoculation, 04 ml. ^ the material beiag 
inject^ into foe shaved abdominal dun. If die specimen is tuberctdous, 
a nodule appears in seven to twenty-one days; tUs is inciaed, and films 
foe lesion are exmnined for tubercle bacilli. 

Laryngeal Swab; Gastric Lavage 

Where ^tttum is absent or, if present, is being swallowed, imperial 
for culture nuqr be obtained either by the laryngeal swab or by stoniMfo 
Wash-out. 

lire laryngeal swab consists of a piece of nidrel or^'Niciircnne’* wire 
9 in. kmg and in. in diameter, bait at an ar^ of 120** an inch and a 
half from the Old. Omon-wooliswnqipedtt^diiseiidofdiewite, 
wifob has beat flattoied and quralfy twisted to hold the ooilon4r0el 
£achawBbisplacedinabd^«tabe(7>(l in), dreopeneid 
«|tfoi(b»phiggedwifo<»ttoa-wooL 'mttfoeawifoimbafopoi^ 
ipe berilM in die autodave. Imnredurtely before tree foe mifo h 
IbfoiMed with iteriie diitiUed water. >1 

lire cwib may be paased into dre huynx ehlrer wifo 
tlatynged aunor, « IfontUy. Forbofotigefooditito|Mfo«retfohi^ 



DiAOKOMJ OF TffBWCULOaiS Hll 

pFottwoea. Awi flpanitoc, rf mtag > coirror, ritFoppdt ii B tlietwiliB^ 
lui oftbemrror gui^ liie tip of tibe aw«b owr iiM» 

iiaito tiic lomuL WMiout a loiftoif the opgrtttrir yi 4f ft rtl tftf 

pfttMSH md pames the awab tibroui^ iha mouth backwaf^ yfK f, ilMfiwt 
atrictly m the uiid^liiie; the maucsuvre is hv 

jpat^ut to tauce psutuig btostlbs. Reflex cough ustudlhr m 

•wsb outers the Isi^mXi and absence of cough suggiMi ^lhs!l 
has not entered the larynx* Two consecutive Mws should W i f ri l W 
from each patient v 

In the laboratory sufficient 10 per cent H^SO, Mv) is W die 
boiiiM-tube to cover the cotton-wool on the #wab. Ahm ive 
in acid tihe awab is removed, eimeM of fluid is expteaaed on tlw! ^ of 
the tube, and the awab is transferred for a further five minutea to a 
second boiling-tube containing a simUar amount of 2 per cem. NaOH. 
The swab ia again drained of excess fluid and is tubbed over the sutfoce 
of a slope of Ldwenstem- Jensen medium. The inoculated 
is incubated at 37° C. for six to eight weeks and examined at weekly 
intervals. 


An alternative procedure ia to immerse the swab in a 
soiutitm of triaodium phosphate and incubate at 37“ C. ovemi^ The 
swab ia th«i remo^ and the fluid oentrifog^ at 3000 r .p.m. for 20 min* 
The supernatant is decanted and the deposit is inoculated on to two 
LOweiutein-Jenaen slopes. 

It is inadvisable to leave a long delay between die coUeotum of die 
swabs and inoculation on to culture medium. 


Fasting stomach contmts may be aspirated with a Ryle tobe in the 
morning after a period of coughing and swaliowii^'. The materad 
should be despatched to the laboratory as quickly as possfole, ot H 
there is likely to be a long delay, the contents diould be neutrahaed 
with caustic soda. The deposit k homogenised by eithear tbe nwikifinfi 
Petroff or the modified Jungmann method {vide suprti) and moralated 
on two alopea of Ldwenstein-Jensen medium. Patsfoats peeSar die 
laryngeal awab to gastric lavige, whidi, however, nuqr g^e at least as 
high s prt^rtkm of positive results. Neither of these methods will 
give as good results as scanty expectoration. 

5kr<Mg9r.---43etologkal teats for specific antibodies followlDg tttbei>> 
culous inf^on have not proved of much dhgnosdc value. The 
conmlemettt^’fixatfon test becomes posidve in a high pxopotdon Of 
establtshed cases but is usually n^fative in eaify or aw^MMtad tassik 
MiddUhroed sad Duboa (194^ described a haemagihttiaadiMi Hat 
which depcaads on the ^ padeots* s««m ondbdi|> 

or groiqp O hiyunm nkl Idood oelk soMitised widi an eddW 
ba^ The led are aensitked whh sn eilaMt; dt w 

fober<delMdyiki8 0rw^e(»nris^^ ‘‘Old irkbeiwdki*';dtoiM& 
thm mixed vddi varyiiw diladoiw of mdeid*t sfriB^ 

befomphaemidbodkhiwboent^^ 
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Tim toft has received a go^ de^ of study aud dinical trial, h«t tta 
piacrieal vriue in dw dii^gtti^ of cliiucri tuberculoak is douht^ 

(d its larii of both ajped&iiy and senahivity (Htboa and £ldc, 1$51). 

Clietnoi]>enip 3 r.~Although the tid)erde badihia is aeiwtive to an 
increSaing nmge cl anthnicrobirii drugs, clinical experietioe has shtnm 
. diat the most effective md least toxic chemotherapeutic substances in 
toberrailosis are str^tomycin, {^-amino-salicylic acid (PAS) and 
isonicotinic add hydrozide (Isoniasid). Because resistant variants of 
^ tubercle bacillus may appear within two to three months after 
commencing treatment with any one of these drugs, it is essential that 
(a) a combination of two — or three — antimictbbial drugs be used from 
the onset of treatment in cases of tuberculosis in order to minimise this 
risk and (6) every effort must be made to culture and test the sensitivity 
of infecting strains as early as possible, since resistant mutants in a 
strain that is already resistant to one of a pair of drugs being used will 
soon emerge to the other Strains that are hi^y resistant to Isoniazid 
usually show a decrease in virulence for the guinea-pig but not neces- 
sarily for man (see Mitchison, 1963). 

Pn^hylazis. — Killed vaccines of the tubercle bacillus give little or 
no protection against tuberculosis. In 1921, two French workers, 
Calmette and Gu6rin, introduced a living vaccine pre{>ared from a 
bovine strain that had been cultured for many years on a bile-potato 
medium. This Bacille Calmette Gu6rin (BCG) vaccine was at first 
given orally, but following Scandinavian practice is now given mostly 
by intradermal injection. Its value in the prophylaxis of tuberculosis 

been much disputed, but in recent years controlled trials in different 
countries and with different communities and age-grou{» have demon- 
strated conclusively that BCG vaccination may give protection of the 
order of 80 per cent, against clinical infection. Thus, in large-scale 
trials among school-leavers (14 years of ^) in industrial areas in 
England, the incidence of clinical disease was reduced by approximately 
80 {>er cent in the vaccinated groups during a follow-up permd of eight 
to ten years (Re{>ort, 1963). In a study among North American Indians 
(0-20 years old) a similar d^ee of protection persisted fmr some ten 
years after vaccination (Aronson et a/., 1958). 

Frerii liquid vaccine deteriorates on storage and it is recommended 
that it be u^ within fourteen days of pr^>aration. It loses viability 
quickly in warm atmospheres (30° C.) or if aq>osed to Ught; this 
reduces its usefulness in tro{rical and sub-tropical countries. Anotha 
disadvantage is ffut tests for safety and potency cannot be ccunj^eted 
b^ore the liquid vaccine is released for use. To overcome these 
difficulties, freeze-dried vaccines have been developed and clinicri 
truds with a British freeze-dried vaccine reconstituted immeduddts 
befote use have shown that it is comparable in patmey with the Oattiil 
liqaid vaocme. Laboratory estimates of potency dqpend on the dueot 
f«larioii8bq> that has been demonstrated betw^ protection and the 
degrto of post-vacciiiatioo tubarcnlin sensitbd^ in the gubtea-f^ 

*■ Tedwiegl dettih about drog-Mnaitivhy teats fer tuhends baegh m h 
IPbapterSI. 



ANONYMOUS MYC08ACT8K1A 1$^; 

Ti» Msniitivi^ iwqwied » <kMi t}ie T6«sApaili« 

Siib»tMM»es A« (TSA) Re^wtatiom, For tfa« fireoxe’d|j«4 VfC««fe 
th« tdberculm sea»itivi^ produced in childrea i» teoM for oaeb ludc^ 
At the BCXjr Control Centre in the Chcford Region* 

The dose of BCG vaccine is a siiude 
of 0-1 ml containing 0*05 to O-l mg. A we>#t oi the eou^M 
bacilH ( = 1-2 nuUion viable organisms). A small inflaihinktet^ tonmi 
devdops at the site of inoculation and usually goes on to suptsitM 
tion ^cr some wedts. Adenitis of the regional l 3 ntx^ha(Me 8 m«| laptr 
in infants (rarely in older children). Occasionally an ervtaDdnil Ih^ 
(lupus) may occur, particularly if vacdnatbn has been dot|C jw 
puncture. Except in the case <rf babies 0-3 months old, dS children 
must first be tuberculin tested and only the negative reactors given vaccine. 

Oral vaccination with repeated large doses is practised in some 
countries, but there have been very few properly <»o trolh!irf trials to 
substantiate claims for the protective value of die oral vaccine. 

Mycobacteria of Ulcerative Lesions in the Human Sub|ect.— 
Ulcerative lesions of the skin have been reported in Austral^ and 
Sweden from which mycobacteria, clearly distingui^ble ^m the 
tubercle bacillus, have been isolated. The Australian strains, Myco. 
ulcerans, were found to be pathogenic to mice and rats but not guinea* 
pigs. In culture the optimum temperature was 33° C. (MacCulitun 
et al., 1948). The infections descried in Sweden were derived from 
swimming pools, and the strains of mycobacteria isolated, Myco. babm, 
were highly pathogenic to mice; in guinea-pigs they were o^y slightly 
pathogenic; in rabbits inoculation of the skin produced ulcers simiW 
to the human lesions. Ihe Swedish strains grew at 31° C. but not 
at 37° C. (Linell and Norden, 1954). 

Anonymous Mycobacteria 

Add-fut bacilli which cannot be identified as either human or 
bovine tubercle bacilli and which may be associated with human disease 
have attracted considerable attention in recent years and have been 
given the name €monynum or aty^al mycobactma. 

Thme mycobacteria are divisible into a number of groups acoonfing 
to their nmrphology, colonial texture, production of pigment in the 
presence oS lifd^t (photochromogms) or in the dark (scotochrmnogens), 
rapidity growth and growth at diffwcnt temperatures (25° ’•paqwlun^ 

philes; 37°>>onve8ophile8; 42°B:thermophiles), productum of cabdasei 
resistance to oertain anti-tuberculous drug^ «.g. thtosemtcarbaamat^ 
Isoniadd and PAS, and the Niadn test (Gilani SeUmii, 1958). Oh 
the bans of such tests, Marks and Rkbards (196^) have eipeiided 
original four graupa of Rudyon to wven provisional groups of 
group I (tbe plkocodif^^^ tnost cdmiaao^ wim 

tespiratmy diieife, group 11 (the scotothrontogiaasi) wee fouiul fo UheR 
absceases oa are rifaig^ insignificairt, group ^ fo 

myco. «mai^ a^ paim VU ia found in as6oa«|t«»a w m 
Pneumoeoiib;^ 



la a aones of 2916 ittwibiM of mvoatMoCedB hom opuitem in 

di{|^diffiB<«ntai«is of £i^rIaadaaaWdbi(| 71 aaM^noo^ 

^>5 per cent.) vttt idraitified hf ae oitro ecnbeoing euteuw emta «nt 
Ldwenstein» Jensen medium as folkms: 

(1) A plain sl(^ for inctibatimr f<Mr 4 weeks at 37^ C. In Ught 
equivalent to a 25-watt lanq> at 30 to 60 cm. dattance. 

(2) A slqpe containing p-acetamido-benztddehyde tluoaemicur- 
bazone, 10 ftg./ml., for incubation for 4 wee^ at 37” Q. in tlm 
dark. 

(3) A slope containing p-aminosalicylic acid (PAS), 1 fig./ml., for 
incubation as (2). 

(4) A plain sl(^ for incubation for up to 4 weeks at 25” C. in tbe 

dark. I 

Screening tests were read daily for three days and then weekly foa 
four we^. Of these strains, 40 (14 per cent.) of which. 27 wer^ 
photodmnnogens, were rq^arded as associated with clinical disease 
(PHLS Report, 1962). \^en repeated isolation suggests that an 
anonymous strain may be acting as a pathogen, it is advisable before a 
final diagnosis to inoculate erne guinea-pig with a primary culture and 
anodier directly with a decontaminated specimen to ensure that tubercle 
bacilli are not being masked. 

Siqicofdiytic aad Conunensal Myoobacteria.-^Non-pati[iogenic 
acid-fast bacilli may be found in milk, butter, manure, water, grass (e.g. 
Mycobacterium phld) and the smegma of man and animals. Ibey are 
similar in morphology to the tubercle bacillus, but their growth on 
culture medium is rapid; they develop on ordiiutry media and at room 
temperature (though the optimum may be 37° C.), producing an abund- 
ant dry or sUghtly moist growth which is irregulu, coarsely granular 
and sometimes wrinkled; most strains are definitely pigmented — ^yellow, 
pink or brown. 

Add-fast bacilli have been frequently demonstrated in the deposits 
from the interior of laboratory taps. possibility must be borne in 
mind in using tap water for preparing films and stauiing solutions. It 
has also been pointed out that such organisms may be present on bark 
and rubber corks and rubber washers sudh as are used with spedmmi 
containers. 

Myedbaderium sm^matis {Smyrna baeiUta). — ^This is a commensal 
organic found in smegma and sometimes cm the dun. It oonfotsas in 
bmlt^ical characters to the saprophytic types desci^M above. Ai it 
may occur in spedmens oi urine, it has to be diffncentiated carefiiAy 
from the tuberde badUus. It is generally shorter and thicker than this 
latter, and shows greater vatiatiem m siae and duqte. The smmpma 
badUus is add-fast, but in urinary depostta ia afim decoiourtte# by 
aio^dl, which hat to effect on the timeide badUua. It i| dao leaa 
to flotifotinixi tho tubotdb 




inn of tnbercuiosh in Urds. Its morphofogy and 
anne as tfaewe of the other types of tuberdebadib. Us 



t»1U)8Y 

U40'‘n43*’C£.»«ttd<n^y£!ei«l4iMr tA a ayidin ifewfa^ite n t, 

mamoL mate hmogeaaauM and mara l^fian* than ^that rtf Ai" ly—MMiMMi 
traaij Hw GUdMne ptmev^ • •oatewfa^ ewM»jr tpptmmth Iifeilfi'IdjBid 
ccHoiu^^ 8^ large, raised, beniii^dieiical, wiA a smooqi Ainy aiw^w^ and M 
ytmfw or ]l>romiah*yd]ow colour. 

It n ,oi^y virm<»t to fowls, \Aich are resistant to the T«>wnw%s1tei^ 
Aberdehac^. For testing {Kiiposes, 0<K)1 mg. of cuhare is hdeeted iide|< 

yenoualy or the bacilli are acumnister^ by feemng. The gitiai»-<|% ’ A m 
is Itighly 'Susceptible to the human and bovine types, is resmaiit to me%i|lilli 

badUus. The rabbit shows a moderate di^eeofwsceptibility. T 

This type^of tubwde badilus dso occurs in {Mgs, and has bsoniNMMM 
in other domesticated mammals, induduiR cattle. Human tdue 

to the avian type has been recorded, but is an extreme rarity. 

Mycotwcterhun ttdmreulods var. minis.— This oigankm (Fbfs 
ttAerae bacSbu) has been found in a tubercle^lilEe disease of ^es, whudt is 
fairly widespread. Morphologically Ae badlli are longer and titinner tihm 
the typical Abercle bacillus and often somewhat curved. GrowA on egg 
medium is very slow and is not enhanced by the presence of glycerol. AnA 
gmically Ae organism is umilar to Ae human and bovine tjrpes. Inoculated 
experimentally in voles it pr^uces typical Aberculosis, but A guinea.'pIgB, 
rabbito and cmves is of low virulence, moderate doses producing onfy a local 
lesion. The vole Abercle badilus is practically non-pathogenic A mao- 
Inoculation of the organism m guinea-pigs and calves brings about immuni^ 
to virulent Abercle b«illi; and it has been used as a vacdne aa an alternative 
to BCG. 

Msrcobaeterium piaoium. — ^Add-fut badlli resemUing the Abetde 
bacillus have been isolated from fish and other cold-blooded animds, 9.g. 
hogs, turtles, etc., and have been r^arded as aetiobgicaQy assodated wkh a 
tuberde-like disease m a A aiumals. These organisms grow best st 2S'* C. 
and flouriA even at 15° C. In cultural characters they corre^rond A tite 
avian type {^nde rupra). They are not pathogenic A mammds or birds, but 
produce lesions on experimental moculation m frogs, fish, etc. 

Mycotmeterium leprae 

The causative organism of Leprosy. 

Morpholt^ end Stamt^.—k stn^t or sl^^y curved aknder 
hedlluB, dxmt Ae same size as the Abercle badll^ wiA pointed, 
rounded or dub-shaped aids; so for as is knotm H is sum-mo^ and 
non-sporing. Like me tuberde bacillus it requirM, as a hile, a dreu^ 
stain, and is acid-fost, though not A Ae same d^;ree; in nuty aisiiii 
uniformly* but usually shows marked beading* whidi may be ndaiuer 
than that ^ Ae mberde badUus; it is Giam-fAsitive, and can be itetiun 
foirly teaddy by the ordinary Oram’s method (^. tiAerde b idlliis|» 

CkfttcutfAii.— A great many attempts have been made by emm 
woAme to cultivate Ais organism; the majority have been nna mn en a ifta* 
and Aou A successful results have been datmed and cubntes nP sdd- 
fast ba(^ have impatently been iscAited fomn l^rous leaioQS* ts 
doubtftil wbeAer mpiment Ae tni* leprosy bi^, 

Some success m cttlmring Ae oiganiam of mt leprmy on tfosne tWAM 

has feoendv been dsimed. 

FMSfbyn iKnig T irpTfuiy is sn btfocdve gr a wnlwH Si dsnel(pto(| tel 
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(1) the l^mmaUm or nodiUar tjitpe, in ygHtk fiamhunatoiw xiodiiles 
(leprcHEwta) fonn in tbe flidn, muooiB meoibni^ and wioua oigana 
(e.g. hn^, liver, 8i>leen, testes), or (2) the uAatiUmd type, where the 
gnmiilation tissue infiltrates certain nerves and leads to motor and 
sensory paralysis, with characteristic trophic dian|^ {e.g. aiuiesthetic 
skin areas— maculae). Both types of the disease may occur in the 
same patient 

The organisms are found in the granulomatous lesions, being par- 
ticularly numerous in the nodular form. They are distriWed intra- 
cellularly for the most part parallel bacilli occurring in bundles which 
may co^letely fill up cells. They may be found also in foe tissue 
spaces, in foe walls of small vessels, in Ijrmph ^ands and in foe secre- 
tions of the nose, throat and mouth, due to tlfo fact that foe muc^l 
lesions ulcerate readily and discharge bacilli into foe mucous secretions. 

The bacilli are present in foe nerve granulomata, but are 1^ 
numerous than in foe nodular lesions. The organisms do not occurlin 
foe maculae which are essentially trophic and not primarily leproW 
lesions. I 

Laboratory Dia^sosiB. — Films are made from any ulcerated noduue 
on foe skin, or a non-ulcerated nodule can be punctured with a needle 
and squeez^ till lymph exudes, from which films are made. Filmscanbe 
prq>ared also from a scraping of an excised piece of tissue, or sections 
may be prepared as for histological examination. A convenient method 
is to remove, with curved scissors, a piece of skin (about 2 mm. deep) 
overlying a nodule, and prepare films from foe deep surface. . 

Films should be made in all cases from foe nasal mucosa or secretion, 
as diagnostic information may be obtained in this way even when 
lesions are not present in foe sl^. 

The films or sections are stained by foe Ziehl-Neelsen method, 
substituting 5 per cent, sulphuric acid for 20 per cent. The presence 
of foe characteristic acid-fast bacilli, especially when they occur in large 
numbers and are situated inside cells, is generally diagnostic. 

When the lungs are affected foe bacilU may lie demonstrated in foe 
sputum, but require to be differentiated from foe tubercle bacillus by 
(mferential Ziehl-Neelsen staining and by animal inoculation; foe leprosy 
bacilli do not produce any pafoog^c effects in laboratory aninu^. 

Mycobactmum kpraemurium . — ^The organism of “rat leprosy” 
wltich presents some p^hoiogical similarity to human leprosy, is an 
acid-fsM bacillus related to, but not identical wifo, the leprdsy badlhia. 
This disease tats is transmumble eiqjerimentaily to animals of foe 
same species, but not readily to other specKS, though transmission to 
foe hamster has been recorded. It foould be noted &it human leprosy 
cannot be nansmitted to rats. 

Mycobseterittm jofanei 

{Badttus ofjoknis Disme) 

The causative organism of a chronic enteritis of eattie, and a sintilsr 
dimisf of foeq>; aometiines called Jifym paratiAm^ktk, 
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Morpk^ 0,d SU^.-^A Grnn-positive, aM-fm and akR^-f^ 
bactUua like the tuberde hadllna, but mote readily by ZW> 

Neelaen method. It is often oomiiaratMy short (1 to 2^ StSSHl# 

distingui^ micwscopicidly f«,r the mbemle ^bacillus. iVeS^ 
fimnfy, though the longer forms may stam irregularly, 

CWforo/ Charflweew.—Has proved difficult to cultiyato artifoSally. 
Growths can be obtained on glycerol-egg medium J per <S 

killed Myeo. uAavuhsu or other add-fast badlli, e.g. MyeoJmH PtdillMti 
of these organisms (Ta^r, 1950). The organiin 
which is synthesised by other members of the add-^ gtoup; jffiiii iSfrt 
is also present in certain vegetable tissues and in some fond. Ittty«ryiWe 

and can be partially replaced by vitamin K. Primary growths dewdop very 
slowly and four weeks may elapse before they are definit^ vidMe. Tlie 
optimum temperature is about 38“ C. After continued t^vation in tl^ 
way, subcultures may be obtained on egg media without the of 

another add-fast organism or its products. Cultures resemble ffiose df the 
tubercle badllus. 

Animal Pathogenicity . — The disease is transmissible eiqierimentally to 
calves and young goats, ^ incubation period bdng several months. Lambs 
can also be successfully infected. Laboratory animals are mostly refractory 
although in recent years mice and young rabbits have been artificially infected 
with the production of lesions, containing the bacilli, in the i nt^in es , 
mesenteric lymph nodes, liver and spleen. 

Pathogenesis , — ^The lesions are of a granulomatous nature and lead to 
coiTugated thickening of the mucosa of the intestine; the small bowel is 
primarily affected. The bacilli are present in large numbers, usuidly packed 
inside the cells of the ledons (as in leprosy). 

The disease in sheep may be caused by either of two types; the 
Myco. joknei as isolated from cattle, or a variant which has proved more 
difficult to grow artificially and produces an orange-coloured pigment l^e 
disease has also been reported in goats, horses, deer, gnu, antwipe, camdl^ 
and a llama. * 

Laboratory Diagnosis. — ^At autopsy, the characteristic add-fest twdOi 
may be demonstrated in the mucous membrane of the bowel by the 
appropriate staining methods and cultivated from this tissue after treatooent 
with antiformin or oxalic add. 

During life, the organism may be observed in the faeces; microscopically, 
groups of amall add-^hol-fast bacilli may generally be regarded as du^ 
nostic Tuberculosis may be exduded by the inoculation of materid 
containing the add-fast badlli into laboratory animals. 

An auergic ddn reaction evoked by “Johnin”, a prepara^n (from 
cultures) analogous to tuberculin, has been utilised in diagnods, but its 
diagnostic toedfidty is doub^. Tuberculin prepared from the avian tjpc 
of tubercle badllus yields a similar reaction. 

The Johne badUus, in common with other pathcwmc mycobactinii> b 
capable of stimubting tite production of com{deinent-mdng antibodies whkh 
can be demonstrated in the blood serum of cattie. The vinueoflheooiDiile- 
ment test ftw the diq[°<M>* Johne's disease in tubeicitiosb'l^ 

herds hra bem under investigation for a number of years and today a negdfoe 

complement-fixtofon leacti^ b one of the lequiromenta for tfa^|)totatfon 
of cattle to a number of countries. 
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CHAFFER IS 


HA£MOn0LUS. BORn ^fl.# 

Bamophika n^uenzae (Pfeiffer’s influenza baciUiis) vm 
described, as. the cau^ otgaoism of epidemic influenza 
desu|nated hamophtUc in virtue of its inability to grow ctft ^i jN h t nt 
noednim without the additwn <ff whole blood or certain gfv«ff^>pro> 
motiiig substuces present in blood. These growth facton, however* 
aro not restricted to blood, but are present also in certidn v^ictaWe 
tissuro.^ ^ The Koch-Wedts bacillus, a common canse of acute con** 
junctivitis, shows the same growth requirements w Hamophiias 
fluenzee, and may appropriately be grouped with it. The bacilhis of 
whooping-cough has also placed in the hame^uMc group, but its 
growth requirements are different ftOm those of the influenza bacillus 
and it has imw been given the generic name of Bardetdla. K tiae term 
haemophilic is used in a broad sense to designate or ganisms which require 
blood for their growth it would embrace a number oi heterogeneous 
species, and the gimeric term HaenopMlus is therefore restrimed to 
those organisms which are dependent on one or both of Ae erowdi fsctois 
required by . 


Haemophilus influenzae 


Th» organism is commonly found in the diroats of healthy people 
and is associated with bofli acute and chronic infections of the te^- 
atory tract. In its imootA phase, it may cause pyogenic meningititt ^nd 
acute laryngo-trachdtis. 

MorfM^ and Staining.— A vety small Gram-nqgative slender 
badilus, usually about 1*5 ft, by 0*3 /s, occurring sin^ or in pairs; 
non-motile; non-^ring; capsulat^ t^pes occur. cocoo- 

bacillary forms are noted, and in culture there is marked pkomotplusini 
some struns, e.g. those present in meningitis, may mow dbngated, 
curved, threadlike forms. 

The counter-staining in the Gram’s stain is inqiroved if earbdik 
fuchsin 1:20 is used and inqflied for 5 minutes. 

Cultural Charaetm,—>kztcbe Optimum temperature dboiit 37^0. 
Ooes not grow on ordinary media, but can be cumvaied in'tbe pressiode 
of blood-Hff.g. on blood or pnfferably heated Mood agar. 

It has hvea. shown that two growth-piomotiag constmdatl pmstiiit 
m blood aro neoeaniyftwflwcultivatkm of Oneetfliw^ 

termed the X footnr, as flwrmostable and resitts autoofawing at 
This foctm is faMmatiA ami is supposed to sot fo virtue iff Iwldbii 
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coenzyme I or II which is essential as a hydrc^en acceptor in the 
oxidation-reduction processes of the organism. 

It is noteworthy that H. h^tuamae grows better in symbiosis with 
staphylococci, due tp^ the fact that these oigaiusms synthesise the V 
factor. Thus, in a mixed culture, colonies of the influenza bacillus are 
bigger in the ne^hbourhood of staphylococcal colonies: this appear- 
ance has been described as sateUiHm. 

Blood agv: very small, transparent, droplet-like colonies which tend 
to remain discrete. Optimum growth occurs in media in whidi the 
contents of the red blood cells are liberated either by heat, e.g. chocolate 
i^ar, Levinthal’s medium, or by peptic digestion, e.g. Fildes’ medium. 
Smooth capsulated strains have ra^er larger mucoid colonies with a 
characteristic iridescence which is best seen on translucent media 
(Levinthal or Fildes). \ 

Glucose and various other carbohydrates are fermented. Indole ia 
produced by some strains. \ 

Certain strains have been found to differ from the typical form in\ 
produdi^ a well-marked zone of haemolysis on blood agar {H. haemo- ' 
fyticus). These may be coarser in microscopic appearance and tend to 
develop elongated threads. Most of these haemolytic strains require 
both X and V factors for growth. 

Some non-haemol 3 rtic strains are independent of the X factor and 
require only the V substance; these strains have been designated 
H. para-influenzae. Strains of this type have been described in some 
cases of subacute bacterial endocarditis. 

An organism originally isolated from a purulent condition of the 
preputial sac in a dog {H. cants hamoglobinophiha) resembles H. in- 
fluenzae in general characters, but requires only the X factor for its growth. 

H. sms has been found in an influenza-like disease of pigs associated 
with a filterable virus. It differs from H. influenzae in the lack of 
fermentative action. 

Antigenic Characters . — ^Pittman has classified recently isolate 
smooth capsulated forms of H. influenzae into six serological types 
(labelled a to f) based on the specific soluble substance (polysu^ 
pho^hates) as capsular constituent. Organisms isolated from menin- 
gitis or acute laryngo-tracheitis belong predominantly to type b. In 
culture the smooth organinn readily undergoes transformation to the 
rough form which lacks such spe^c su&tance, and, \mder these 
conditions, strains assume a>nsiderable serological ^^ersity. Change 
of type can lie effected by the action of DNA of one type on rough 
strains of another type; this phenomenon is similar to that first ab- 
scribed for pneumococcus types (p. 92). 

Amaal Patkogmdty. — H. uflstenzae is not naturally pathogenic for 
|y>oratory a nima ls. Mice may be infected by intraperitoneai injectum 
of Mrains suspended in muciiL Capsulated, but not mm^capsukted 
strains, resist the bactericidal action of normal rabbit bkiod. 

iPndMignriMisr*-Ibwg^ strains of 0 |/ZMcnsas are 

{Ht^ptnliim (30-80 per cent.) of xMmnal thnnus. ain opportotMils, 
or potential padkogens, like the pneumocooa found in the uf^er 


felAftM09HII.tr8 iSIf 

fltoryttMst, in tiiot thi^are«a8oeiki»<i nntit infee«inn(siiUiritia, 
bantudiopneiinH>nM) when ^ irespintoty tract b l«fla 
invasion, * 4 . following a ptimaiy virus infection or at the atttnOMSit^ 
life. The naine “influenza hadllos” was given to this oiganiaeawl^ it 
was found in numy of the influenzal pneumomas in the pafideihic of 
1889^90. It was again aseociiOed with severe influenzdlinfoctlfeMshtthe 
1918-19 pandemic, but other pathogens (pneumococci, stWpttfoEK# 
staphylococci) were also commonly found; by that time it was b e cdiil iB jg 
accepted that these bacteria were second^ invaders, althott^ 
not until 1933 that the virus aetiology of influenza was estahwmd. 

Besides its importance as a secondary pathogen in acutoZespitatory 
infections, U. tt^btenmu is the organism most commonly in cases 
of chronic bronchitis and bronchiectasis. Its causal rdationfliip to 
these chronic infections is not clear, but it may be noted that c li n i c d 
improvement following long-term chemotherapy in these conditions is 
usually accompanied by a marked reduction in the numbers of H. 
mfluensae in the sputum. Antibodies to H, k^Uietum are conunonly 
found in the blood of cases of chronic bronchitis. 

As already mentioned, the smooth capsulated H. par- 

ticularly type b, may be the primary patho^ in two clinical syndromes 
— ^pyogenic meningitis and acute laryngo-tracheitis. These infections 
occur most commonly in young children (meningitis, 0-3 years; 
laryngo-tracheitis, 2-5 years) and are usually accompanied by blood- 
stream invasion. The age distribution seems to ^ related to the 
absence of a bactericidal activity of the blood against H. it^biatzae in 
the age-ran^ 2 month8-3| years (Fothergill & Wright, 1933). There is 
no association with epidemics of influenza. 

Labormory Diagnosis. — Cultivation from sputum is best carried out 
on heated (chocolate) blood agar or on Levintlul’s or Fildes* medium. 
Rough strains are mostiy resistant to penicillin* whidr may be incor- 
porated in the medium to inhibit Gram-positive bacteria. Iii smears 
from the deposit of cerebrospinal fluid from a case of meningitis, small 
clumps of fine, pleomorphic, Gram-negative bac^ can be seen; blood 
culture is usuflly positive. The iridescent colonies of these capsulated 
strains are best demonstrated on translucent media. The type may be 
i^ntified by slide-agglutination with the spe(^ antiser^ 

— Although smooth strains of H. tt^uemute^ are 
sensitive to peniciuin as well as to streptomycin and the tetra^hnes, 
the drugs of choice for the treatment of Jf. tn/biensM mMunmtis are 
chloramphenicol and a sulphonamide in combiiwtion, since both drtm 
given orally, difl^ise readily into the cerebrospinal fluid. Grood rmults 
have been reported from the use of small maintenance doses m m 
tetracyiflines in the co n trol of acute episodes of re^wraiory infedtion ih 
patients with dironic bronchitis. 
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MBDICAi MIsjGfli^limoOT 

tixmt l>l-5 fi in length and ii><»MHi»v 

t»oo ill polymoiph leooocytea of the mflammatBnr «m«W j. .5^ 
acteriMic. . ; . 

Cukural CkaracterSk — Ooe« not on ordiiiaty b«t 

U. p^nmxae can be cukivated <m nudia containing blood; m ita 
growth requinatnenta and goo^ cultural iduuacterB it » veir *{»*«»♦• 
to the influenza bacUlua. . . 

Ibmxu^diilua diicre^ 

(Sadllus of Ducrey) 

Aaodated with Chancroid or Soft Sore. 

Morphology and Staining. — X Gram-negative, rod-diaped organism 
1-5 ^ by 04 ii\ occurs in pairs and chains; present in the exudate frofa 
the »re, m die tissue lesion and in the secondary buboes; it is noA- 
motile and non^spoxing* * 

Cultwal C^aaers.—mds organism has proved difficult to cultivate 
mifioa^, and ^pears to be a strict parasite. It requires the X gfowiS 
factor of bloo4 but not the V factor. Primary cultures can be obtained 
from the Mre by inoculating direcdy tubes containir^ coagulated rabbit 
blood. These are pr^red by distributing fresh rabbit blood, with- 
mwn from an w vem or by cardiac pucture, in amounts of 1-2 ml. 
m $m^ test-tub^. The tubes are sloped and, when the blood has 
dott^ are heated at 55^ C, for five minutes. The inoculum is intro- 
^c^ mto ^ scrurn which has separated from the clot. After growth 
organism can be isolated on blood-agar plates. This 
method has be«i used for diagnostic purposes. 

Dual’s Uciflus has also been cultivated directly by inoculating 
fte surface of agar containing 20-30 per cent, of defibrinated rabto 
bl^ sl^d in wide tubes with a large surface exposed to air, die 
cultures being meubated at 35® C. 

Pure cultures can be obtained by puncturing a bubo with a syringe, 
SSffid oTSt^ moculating tubes of roa^- 

^rains are all agglutinated by a specific antiserum, 
f I 'll reaction, pr^uced by the intracutaneous injeedon 

of killed culture, has been utilised for diagnosis and has been r««atded 
specific. ^ 


MiMurdUa lacuimte 
iM»ai6-Axenfold badBus) 


Associated with subacute or chronic coqtincfivitb: bdlieved Iw 

vSm ^ * ***^°^**^ *“***‘’*^ *“^^ 

rod-dwpod oagigtet 

2 /* by 1 /t, Hi pairs end to «ad: no]i*iiu^. 
C«ftar^Cftar«cf€rr.~Aerobe; reqUimWaodorterumforfro^ 
s^ra^topcMture IS ato 37® C., uid no SSS 

**l*S>*w*u**f on coagulated serum, e.g, 



'Wl. ' 

du<m «ii4 ocdooka devdk^ «r *m ^ 

sux^Kie m the loedium. 

MmmOA UfMfadms is motphologicaliy sunilsr to die hedivs of 
Mono, but glows wdQ on ordumy nutiieiit loedia «t 20*^30'^ C. It 
liquefies coagukted serum, but, unlike the other, grows ia gekdd fd: 
22° C. and liquefies it. It is associated with coniunotiv«ti» in udMpb 
there may be primary involvemait of the cornea. 

Other organisms found in conjunctivitis are: die gas>0Wdl?m 
pneumococcus, meningococcus, staphyloccx^ stne^itocecd mi m 
pyoQfanea which may cause a very severe infection. Sti^gimeieiai 
albus and (fiphtberoid badlli, e.g. C. xerosis (q.v,), are freqaspt normal 
inhabitants of the conjunctival sac. 


BOBDETELLA 

The principal patho^n in this genus, the whooping'-cou^ bacillus, 
has until recently been included in the genus HamophshSt because it 
required blood for its primary isolation. However, this organism is 
closely related antigenii^y to two other bacterial species, part^tertussis 
and bronchiseptsea, vdiich are less fastidious in their growth require- 
ments and should not be called haemopMUc. A separate name for this 
genus seemed to be justified and Bordetella has been adopted, in 
recognition of Bordet, who first described the whooping-cough bacillus. 


Bordetella pertussis 


This is the causative organism of whooping-cough, one of the 
commonest cl^dhood specific fevers, affecting the resphatory taut and 
characterised by spasmodic coughing often followed by a forced inspka- 
tion, or whoop, at the end of the paroxysm. 

Morphoiogy and Stamrig. — A. small, oval, Gram-n^attive coc^ 
bacillus, more uniform in size and shape than H, sxfiuesuuuf, definite 
bacillary forms occur and become more numerous in rou^ cultures; 
non-motile; non-sporing; capsules are demonstrable in young cwhUres. 
In cultuie fihxu, the organisms tend to form loose dumps wiffi dearo: 
spaces between, giving a “thumb-print” distribution. 

CvkmalCharaetmi Aadbe. It is usually first cultivated on media 
containing a huge proportkm of fredi blood; in aobculto^ however 




corpuscles or hsoBiOglobin, and it » independent of the X and V fKhaasi 

requined by die iwuema twcillus. Gstalsse and a aubstano^ 
albumia or ohaiooal, wMch will absorb tone produm (^oS^ 

saturated fday adds) aroeaaentlal for gr^^ Fff 

special naBdhHn <rf Bordet and G^gou w a modifioaim 5 ® ^ 
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Soni^qrodietic %iii4 medit for ]ju|;e-«cate fpowtib 
been deacribed (Cohm & Wbeder, 19w). 

VuAUttyi^^d. ptrtmtu di&ts £rom the influenza bacfflua in its 
nrwitinii ftd vii^ility Bt bv tempmtuies (0M0° C)* It is killed bj beat 
at 55° C. for hatf an hour. It is sensitive to the tetracylines and chlm’- 
amphenicol wd tdatively rezntant to penidUi n . 

The organism has no fermentative properties. 

Avtige m CiiurtuZerr.-^Recently isolated strains appear to be iden> 
tical in antqienic characters and react similarly with agglutinating and 
complement-fixing antisera. After artificial cultivation, however, anti- 
genic variation occurs, associated with changes in colony characters 
due to S-^R transformation. . 

A ntimber of distinguishable antigenic firactions have been isolated 
horn Bord. pertussis, e.g. agglutinogen, haemagglutinin, protecnra 
antigen and toxin. This last component is only liberated after bacter^ 
di^ption, e.g. by freezing and thawing or ultrasonic disintqpatio: 

Anmal Path^ettkity, — Intranasal inoculation of Bord. pertmsit 
cultures in mice anaesthetised with ether produces an interstitial pneu<^ 
monia which may be fatal. Mice are also h^jhly susceptible to intra- 
cerebral injection of virulent strains. A condition similar to clinical 
whooping-cough has been produced in monkeys by introduction of 
cultures into foe respiratory tract. 

Pafoogenesia. — ^Whooping-cough is predominantly an infection of 
foe respiratory mucosa, ruiming a protracted course of four to eight 
weeks ifter an incubation period of 7-14 days: convulsions, broncho- 
pneumonia, lung-collapse and bronchiectasis are possible complications. 
The organisms can be demonstrated on foe epithelial surfiwes in foe 
bronchioles and presumably this surface infection is responsible for foe 
paroxysmal cou^ing and foe bronchial spasm that are outstanding 
features of foe disease. The organisms are expelled in droplets during 
coughing or in scanty viscid sputum, and are most readily d«nonstrable 
in foe first two or three wedcs of infection. Lymphocytosis (total white 
blood cells: 15,000-30,000 and a relative lymphoiTtosis of 70-80 per 
cent.) is a characteristic feature of this disease. 

j^idemiology. — Whooping-cough affects some 70 per cent, of chil- 
dren in unvaccinated urban communities. It is more common and 
more severe in females than in males. It is an infection of early child- 
hood since there seems to be little or no passive protection by aifobodies 
fiom foe mofoer. The early infections ate foe most severe, so that in 
Britain nearly all foe deaths from whooping-couglroocur in the first 
year of life. Infection is most commonly spread by direct dropktt 
q)iay and requires close contact ; foe attedc rate among susceptilde 
children exposed at home is 80-^ per cent Regulurly recurring cydes 
td (Epidemic ptevalenoe occur at two-yearly or loi^^ intervals. 

Labor a tory DiagatMia 

I'or detecting and isdafoig the otganiam foe *‘ew^;h-|^«te’’ meiM 
E9S(f be used: a plate of foe Bordet-C^ngou laeditim m liMdtfoo«ik4fo( 



in front of tbe mouth of the patient tviule ooo&hines the niote ia tfaua 
direcdy with the expelled diop^!^frer fritee day>’ 
incubation the “pearly” colonies of Bord. pettusus fan fre(iueiill.y be 
recognised without difficulty, and id^tified by micitMCopic, odtund 
and serological mdhods. 

While the cou^-plate method has proved of praotKiai 'tndtieht t he 
recognitbn of earlk cases of pertussis, it is more aonltcable in finftiitw! 
cases than in goieral medical practice. A specunen for bapteiM^Se 
duunosis can be obtained more conveniently by usina! a oernaaal mmIi; 
For this purpose, a fine pledget of cotton wool is rnoumadtim « loog; 
flexible wire and the swab is passed into the post-nasal space thcou^ 
the nose. Alternatively, an ordinary throat swab bent tA tire end 
is passed through the mouth and behind the soft palate so as to fftllff t 
secretion from the nasopharynx. A plate of the Bordet-Crengou 
medium is inoculated by smearing a section of the plate directly with 
the swab and then distributing the inoculum from thin area on the 
remainder of the surface witii an inoculating wire. To prevent over- 
growth of the plate by other organisms and to render colonies of Botd. 
pertussis more easily ^ectable, penicillin solution is added to the plate 
and spread evenly over the surface (6 umts per 12 ml. cxf medium in a 
4-in. plate). Pernasal swabs usually give more profiise and less com 
taminated cultures than swabs passed through the mOutii. 

A total and differential white cell count can give usrful confirmatory 
evidence of infection. 

Serology . — Both agglutination and complement-fixation tests have 
been applied. Such reactions are more likely to be positive from the 
third week onwards when the organisms are less eawy isolated, and 
may be useful in confirming the diagnosis in atypical cases. Fresh 
living suspensions of the organism should be used for the a^lrrtinatkm 
reaction which is a more sensitive diagnostic test than the complement- 
fixation reaction (Evans & Maitland, 1939). 

Chemotiien^. — ^The tetracyclines and chloramphenicol have been 
used in the treatment of pertussis and, though m vitro the ^>ecific 
organism is sensitive to these antibiotics, clinical re^tonse (remiction 
in number and severity of paroxysms) is hugely limited to cases treated 
in the early stages of infection. 

Pwjdiyfruris.— Although whooping-cough vaccines haw been used 
for many years, it is only recently that carefully controlled trials (Report, 
1959) have shown that certain pertussis vaedn^ can giw a hf^ degree 
of protection against whooping-cou^ Vaccines, made from strains 
of Bord. pertussis in the smooth phase, grovm on defined meffia and 
killed by merthidate or formalin-merthiolste, are given m three 6xsm 
(each of 20,000 M. organisms) at monthly kitervals. Because el the 
severity (ff whooping*coug^ in infancy, it is recommended that vaocma* 
tion be caiii^ outbetweea two tmd six months of age. Vl^agaud 
vaodne, the attaifr rate in hon» exposures may be lew ^ 10 ^ 
oompariMi wiffi 80*M per o<mt- in the unvaodnafrKh Protectmti miy 
be expected ^laat for at least two to three years. When 
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dttfttar duration than in iitqm>teCt^ diUdren (aee Ou^. 4S). 

Bncdfitella pan^teituaaia 

This organism » related antigeniatUy to £ord. but {uoduces 

a milder fonn of tshooping-cough whi(^ is apparent not common in 
dus country. It difiers from Beri. paimis in its more rapid growth 
so that the “pearly” colonies are weU developed after two days’ incuba> 
tkm <m Bordet-Gengou medium. The uni^lying nwdium becomes 
greeny-bbdt due to the production of a brown pigment It activdy 
produces catalase and on subculture grows readily on ordinary cultum 
media. Bord. partiptrtmm can be specifically idmtified by agglutina- 
tion with an al^ibed antiserum. 

Bordetelln bronchiseptica 

This organism was originally described in canine distemper and has^ 
been conskiered to have relationships to the BrtuxUa group. It is, 
however, rdated in its antigenic duuacters and its toxin to Bord. 
penmtis, but differs from this organism in its motility and in possessor 
peritrichous flagella. It can grow on ordinary media without blood. 
In canine distemper it represents a secondary infection, but is frequently 
responsible for a bronchopneumonic condition in rodents; it may be 
found in snuflies of rabbits. 
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CHAPTER 16 
SAUklONEUA 

The fiffluly Enterobsctcriaceae is composed of oui&eiaiin xoleMEtobed 
bacteria aU of which are Gram-ne^ rods, ^ 
peritridunis flag^ or non-motOe. Hiey ate non-worhig Mad |eii^ 
on ordinary media; all fennent glucose rapidly wim or wHb fl Mt MM 
production and reduce nitrates to nitrites. Many species me jtijti tf 
pathogens or commensals, whilst a few are saprophytic and in 
soil and water. 

A clas s i fi cation of the Enterobacteriaceae is essential for diagnostic 
a^ epiden^logic pulses, and several groups or genera are recog- 
nised within the family. Each genus is made up of biochemically 
similar strains which are antigenically related; it must be noted, how- 
ever, that the biochemical interrelationships of the family do not allow 
all strains to be assigned to one or another genus, arwi intermediate 
strains are frequently encoimtered. With this proviso, recognising 
that there are intergeneric relationships among typii^ of the 

several genera, the family can be divided into the following groups: 
Sahmella, Ariama, SUgAla^ Escherichia^ Ciirobactar, K^si^, 
Cloaca, H(^ma, Proteus and Prooidencia. In the present chapter, otdy 
SabnomUa and Arizona ^>ecies will be considered. 

THE GENUS SALMONELLA 

More than 400 types are iimluded in this genus; SaJmonella typfd 
or the typhoid bacillus was the first member to be described and is tim 
causative orgasm of typhoid fever. The improvements in enViron- 
nwntal sanitation and a better knowledge of ^ epidemioh)^ of t^ 
disease led to dramatic reduction in morbidity; this has been^Mlowed 
more recently by a marked reduction in fatality rates effected by 
chloramphenicol therapy. 

Paratyphoid fever is cliiucally stmilar to ^hoid fever and in Britain 
is caused almost exclusively by SahnoneUa paratyphi B (the paratyphoid 
Bbadllus); the other aetkdo^ agents of paratyphoid fern ai^JSsm^ 
eUa paraty^ A and SahnoneUa paratyphi C, but these ore rarefy 
encounter^ in this country. The term “ent^ fever" 
t^hoid and the parafyphoid fevers; in addition to their tifaioal 
similari^, the gross pathology is the same irrespective of the infodting 
organism and tiie distinction depou^ on bactcdw^ical investfyatapiv 

SALMONELLA Tmi 
(S.typlio«i) 

Morpht^ogy and Stmnh^,~-~A GtaiOHaa0dn% nof|i4potinf h lirilh w ih 
about ir4 fikhf OS ft , aotfysfy motile wxihiiwtneiMtW 
flagtiH: di^ tiol poiiMO a dprafy. 
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, Ct<i^<)^CAar<ie^<^Aq»bea]^facQltativeaiuwn>be;^ 
nua^ 15M1® C., optimum, 37® C. well on Pnliiuuy media. 

Colonies on Agar-^moderateljr larger diick, grejnsh^wlike, moist, 
circular di^, d(nne>shaped and amoodi; tbe opad^ and ma vary 
with different atrains.^ Stodk laboratory cuhorea may show a mixture 
of these smooth ct^udes mth rough colonieB whidi in the extrone am 
irr^fukr, dull, tmd dry. 

O^mes on MacConk^s Medium. — Similar to above and "pale'* 
or colourlem, since S. typki does not ferment lactose. 

Deaoxych(date>citrate Medium. — Colonies also “pale” or colourlem. 

VuAiUty . — ^The thamal death>point is about 56° C. The majority 
of individual bacilli die within a few hours when subjected to dicing. 
In water the badlli gradually die, but may survive for some time; thus, 
in sewage-polluted sea- and fresh-water, viable bacilli have been found 
after four wedcs. In soil, survival may occasionally occur for six wew 
or longer; in culture, the organism survives for long periods, e.p. 
several months. Although 5. typhi is sensitive to several andbiotim 
in vitro, chloramphenicol is the only satis&ctory drug in therapy. \ 

Biodtetmctd Reaetiom. — Glucose and maimitol are fermented with>> 
out gas production; lactose and sucrose are not fermented, nor k 
indcde produced. By extending biochemical testing to other substrates 
(particularly organic adds) it k possible to differentkte S. typhi from 
the para^hoid bacilli ; biochemical subtypes of S. typld can be 
recogiused using arabinose and xylose as substrates and such sub- 
^pes are epidemiologically s^nificant, e.g. strains usually ferment 
xylose pronqrtly, but some spUt xylose late or not at all; similarly 
arabinose k rarely fermented and then only late. 

Antigenie Characters, — ^The serum of animak immunised with S. 

. ccmtains igglutinating antibodies which are’ specific for the 
characteristic antigens, somatic (O) and flagellar (H), of the organkm, 
and agglutination reactions ate ^erefore employed in the identification 
of thk spedes; ffiese are more conveniently considered in relation to 
other Salmonella types. 

Vi Antigen and Aggbttinm. — ^Freshly isolated strains of S. iyfdd 
possess a somatic antigen designated “Vi”, occurring as a su^ce 
antigen; such strains are more virulent for mice than strains ladcing 
the Vi antigen. The Vi antigen renders the organkm relatively m- 
^llutinable by an O uitkerum, and serolcgical identification wi^ ffte 
latter must be made with a fresh saline suspension of S. typhi whidi 
has been boiled for one-hour and washed by centrifugation. In addi- 
tion, an unheated suspension should be tested with Vi agglutinati^ 
mitkeroin, whidi k obtained by immunising animak with an alcohd- 
acetone treated saline suspoision of S. typhi known to contain the Vi 
anti^; after harvesting the Krum« H aw 0 ag^utinins ate absoibed 
fitom it with a sbain possessii^ H and O antigens but devoid of the Vi 
conogpionent Alternatively, an unabsorbed serum made from a Vk 
GofflltiBing Ballenip culture may be used. 

Coovetsely, for the detection of Vi agghttinin in serum (e.g. ka a 
carrier of S. ty^, a Vi-containii^ suspend 5. ’ty^'sxmit;lt»‘^ 
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ewployed.! Thcdirtgiwrtieaiiplkafioaof tlifi Vi WiW 
witib on p, 229^ 

AnitHal PtUkt^eniaty.'^lsi common witb other metnheto of fbo 
Mnu8, S. ty^ is primarily an inmstinal pamite. It riiows a tenatg' 
host specificity for man; S. typht does not appear to infect gni**s* ^ 
under natural condityins, and ordinary laj^ratoty 
rat, mouse and guinea-pig, when dosed orally with S. 
suffer any harmful result unless massive doses are empio^e4 
even then the illness is quite uidike that of tyi^id f^er. "Vthmi 
adequate doses are administered to mice by the intiaperitoifeNd or 
intravenous route, death results, but this is probably toxaeOdc; whh 
non-lethal doses die (hsease in mice shows little or no tendmey to 
spread by contact from mouse to mouse in di^ction to ^e epizootic 
spread following the introduction of Sabimelh ty^dtimrium. 

Pathogenesis. — ^Infection is by ingestion; from the small intestine 
the organisms pass via the lymphatics to the mesenteric glands, whence 
after a period of multiplication they invade the blood stream via ^e 
thoracic duct; the liver, g^-bkdder, spleen, kidney and bone-marrow 
become infected during this bacteraemic phase in the fimt seven to ten 
days of the disease. From the gall-bladder a further invasion of the 
intestine results, and lymphoid tissue— Peyer’s patches and lymphoid 
follicles — are particularly involved in an acute inilammatory reaction 
and infiltration with mononuclear cells, followed by necrosis, sloughiog 
and the formation of characteristic ^hoid ulcers. Haemorrhage of 
varying degree may occur and, less frequently, perforation through a 
necrotic Peyer’s patch may complicate the illness. 

jS. typM is present in large numbers in the inflamed tissue in the 
ulcers and is found in the intestinal contents and the dejecta; it may 
localise in the kidney and appear in the urine, sometimes producing a 
marked badllutia. The bacillus is found in other lesions occurrii^ as 
complications ot sequelae of typhoid fever— e.g. acute suppurative 
periostdtis and osteitis, abscess of the kidney, acute cholecystitisi 
bronchopneumonia, empyema, ulcerative endocarditis 

In 2-5 per cent of convalescents, the typhoid bacillus persists in tim 
body, somerimes for an indefinite period. In such chronic osrriem, the 
bac^ are most commonly present in the gall-bladder or rarely in the 
urinary tract and are mccreted in the faeces or urine. 

E pfdfe«i|n lngy.— The sources of infection are patients suffering tom 
the disease, including the mild and ambulatmy forms, and catriem. 
Typhoid fever ia pred ominant ly a water'home infection md so, hs 
communities where adequate treatment of water aupplitt ia unite* 
taken and where a wato’-amnage system of sewage dia|K»al is tteethtingt 
the recognised case of tyf^idd fever ia uhBhrty to act a# h foeua m 
tyidenaic qiread ainoe he should be admitted to hotphal and mitee d 
with aseptic ptecaaxtkms. < ' 




MEDICAL WtCHOSlOLOOr 

Cafiriem ei S. tyfid are a more iaufyaouroe «f idfeetlM iit a ooibeh 
irniiutyadth wdl developed eavucm^ Bacll{; |N(eae«t^im’ 

ti)e han^ of the earner can be firawdi^tejd &> veliMc8» a cfm^ 
engaged in daily vnirk may eontmninate mil]c, w^di cab aerve «| 
medium uid a likely mcKle of apread fBcadl^i 1943) but there i| 
im evidence diat S. t^d cauaes bovine intectioai. Similaiib’’ carriesi 
engaged in food'handlii^ either in preparation m diatribution of foo4<- 
atuffs have been incriminated as sources in epidepnic outiireaks. 
Shell-fbh harvested from sewage-polluted sea-wMer, and vegetables, 
salads and water-cress contaminated with human excreta have all beien 
noted as vehicles of infection. 

In materially less favoured countries tiie absence of community 
services results in low sanitary standards and greater opportunities fhr 
epidemic spread in water supplies or foods contaminated by cases and 
Carrie; in these drcumstances also, flies may transmit the bacilli fre^ 
excreta to foodstuff. 

Bactariophage Typb^ of S. typM. — For epidemido^c^ purposes , 
method has b^ eudxirated of difierentiating Vi strains into types by' 
meam of an anti-Vi phage which, on serial cultivation with one of these 
t]^>e8, acquires an increased activity to strains of this type. Thus, 
type-specific phages can be obmin^ which, in certain culutions, act 
sdectively. ^ basis, 33 phi^ types have been recognised and in 
addition several provision^ types have been identiified. In this way, 
freshly isolated strains possessing Vi antigen can be classified and the 
meth^ has proved valuable in ^idemiologic studies of ^hoid fever, 
e.g. in correlating cases and in tracing the source of an outbreak and the 
nuxle of spread. The technique of phage-typing defies summary 
treatmoit and reference should be made to published work (Anderson 
& Williams, 1956). 

Vi-plu^ typing is carried out by the Director of tibe Intematimul 
Reference La^ratory for iEnteric Plmge Typing, Central Public Health 
Laboratory, Colindale, London, to wtom cultures should be sent. 


SALMONELLA PARATTFHl A (S. p«mt|pld) 
SALMONELLA PARATYPHI B (S. schottmlllleri) 
SALMONELLA PARATYPHI C (S. hlxsdifeliMi) 

TlMse are the causid mganisms of paia^hoid lever wludb is 
essentially similar to typhoid fever but cUnnadly is inilder Slid of shcwtietr 
doiation. In their nun^diology and general cuteuial charSetera the 
pomyphoid bacilli are identietd with S. tyfki, but they can be difisT' 
entiated from tiie latter by tixeir Ability to produce gas in feraocatatitia 
reactions, and dw following ttible exmmlim this fosture and afoo the 
dtfierentiation of the patai^hoid badlll one from the otiber. 

HowevM, as with all members oi the genus StdmtmdUa, the vhltiiite 

IdMthhadim type dqimds on serofa^l^ 

A0^pmic CAweeterr.-— These bacMip cs se ss tRflbteni drdig(i»,«n4 
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Path(;genetis . — ^The mode of infection and the distrtttution of tiMi 
parat^^oid bacilli in the body of an infected pencm or carrier are the 
same as in the case of S. typhi. 

E^demiology. — The sources of parat^hoid infections are Jhunukn 
cases and carriers, but there is evidence tort, in comparison 1(0111 S. 
typhi, many more paratyphoid bacilli require to be ingested bdfoM 
infection results. Hence water-borne spread of paratyphoid fever is 
rare and most episodes result from the ingestion of food stufGs with p^ 
incidence in the summer months like ihe salmonella food-p O M w ning 
infections (Savage, 1956). 

Baetenophage Typing of S. parotyphi B . — ^Phage typing cf this 
organism is used for epidemicdogic purposes. More than 30 distinct 
types, subtypes and variations can be recognised. Cultures for phage 
typing should be seat to the Enteric Reference Laboratory, Col ind a te . 


Laboratmy Diagaods 

The bacteriologic depends on ^1) the isolation from the 

body, and the i^tificatkm, of the causative orgaphm, or (2) ^ 
demonstxatMm of its presence in the body by the l)W4al ap^htinat^ 
reaction whuh is based on the occurrence trf specific agl^timhs lo W 
organtsm in the serum <rf tiie infected person. .... 

Bkoi Cubiin,-r4n the eaify stages <tf tiie tUnesm hM cnhNm la 
the^oSaive diagno^i^ shouldfae«^doyadMdl 
sui^peciied cases dmhig^ tot seven to imdayy* and ihWwfWWJW 
a bacteiictiogksi tot not prevkHi^ir been 

use dPMmlatoae bottles omiaiotng bfie-ato (0*5 
taurocMnte) is w o otom a d edt to jwihniq^ of 
laboraioty pwtotito® ** 

unlatto to btailR to Itod stoMi to hoett atototo faif 


















MBDICAL M1OS0«SQLO«T 

l&ebtteroniiiwtafMhaa iiif^Glotwi&ic^^ 
of «iigr otjgMsntt pt<(»e^ locubatioia imd «urtfer cBMiwnttion is per- 
foxmed «• ftn* blow cuhute. 

The probability of demoiotnitmg the causative oi^^a&ism in the 
blood leasena as ^ disease, pn^presses. If die result is positive, thu 
strain is isolated in pure culture, and identilSed by inorpitologio^ 
cultural and biochranical characters and by testing it with agglutinating 
antisera (O and H). 

Faeces.— rj^’ and the paratyphoid bacilli can be kilated from 
the faeces throu^ut die illness, but are most frequent during the 
seccMid and third weeks. Rqieated examination ai tm freces may be 
requited before isolation is successful. 

If there is likely to be a dday of some hours before specimens m 
faeces for culture readi the laboratory, 2 volumes of 30 per cent, neutiu 
glycerol in buffered 0-6 per cent. s<^um chloride solution ^ould 1^ 
^ded to 1 volume of the faeces and thorou^y mixed with it. Thi|. 
prevents other intestinal organisms from overgrown^ the salmonell^ 
badllli. The glycerol solution is apt to become «nd on storage and ist 
d^ unsuitable for use; as a safeguard the solution may be tinted 
with phenol red, and if Aere is a c^mge to yellow the fluid should be 
discarded. 

Direct Platisig of Faem.— A. medium is required which will differ- 
entiate colonies of typhokl-patatyphoid bacilli from those of the normal 
bowel flora; in the past, MacCoi^ey’s bile-salt neutral red lactose agar 
has been extensively used for this purpose, but more recendy has betm 
superseded by other selective media which are inhibitory to the normal 
flora, e.g. desoxydiolate-dtrate agar (DCA), which, life MacConkey’s 
medium, also contains lactose and neutral red. On both of these media 
salmonella colonies are “pale” as compared with ^ pink colonies df 
mMt of the commensal bowel organisms. 

h is esseniid that the ^face of such meXa should be sufficientfy dry 
bifare moculoHon, otherwise a confluent growth may result instead of 
squuate colonies. 

MacConkey’s medium may still be used for the direct cultivati<m of 
faeces in other infections, e.g. due to gastro-mteritis producing strains 
of Esdmidiia coU. 

After 18-24 hours’ incubation the cdonies are usually suffidentiy 
large for stdiinoculating those that are ccmtidered likely to be sahnon- 
eUae. The plates may also be incubated for famger periods ff no 
imipiciouB colonies are noted after 24 hours. The dUonies of S. mM 
aoA the pata^hoid bacilli present a pale or colourless impearanoe, 
other m fe stin a l organiwrtt may produce not diasinular oolonies; sevtmd 
etsloniefc are there^ subcidtared on agar alopea, udng a strai^Ciivled 
fbr teaniffer from the dii^ostic plate. The pure culltties boh^ 
tetM aii4 Idimtified as indicated under btood culture iydde 
Wibon and IMau^s bianmtiH»ul|dtife medhim 
aXmsdtiipt feiT detect plating and should ahr^fH iut cnmioTihi % dM 
ij(tiij|ii|jpted bdat^ 

Ikrdcnbed lor .titis purpose. ItbreoomiiwnuMtlkilflifel^ 
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awtiibuiBdowtimp^oftto 

to iecvdMift lor 4A kmi* iMloim daoudiiig, 

usudfy appear wHhia 24 hoats^ .$. pamy^ M (mpmStf tiqmm iSm 

longer Ineubatkm peiiofl before ccionies aic lecwfcM^ 

* Enridtmait Met^MMb.-oTlMse have proved inviditabfe iSw 
salsuuiellae present in small niiiid)ers in £nsoeak m id midiMili* 
escent cases, or in the detection of caniets. Hidd T tw<d^ 41^1 jWil|L 
incorporating substances which inhibit the ooipeMnaal iom^ SQp 
allowing the pathogenic bacilli to flouritii. Ti^titiomte hsM Aa 
sdenite F bro^ are widely used; these are liberally iaocailMiMi mih 
faecal suspension at the same time as direct plating and are sui^ 
cultured to DCA medium after incubation for 12-“1S hours. In thia 
way an enriched culture of enteric fever IniciUi is obtsir^ ami aorae* 
times an almost pure growth. 

In the e x a m i n a ti on of faeces from cases of enteric fever the beat 
results are obtained bjr employing two or three different me&oda 
Simultaneously. This gives a higher percentage of positive results 
when one method only is used. Thus it is recommended tluit routine 
moculation of DCA and WUson and Blair plates and of both enrich* 
ment me^ should be undertaken in the attempted iariation ci enteric 
fever bacilli. 

Urine . — ^The bacilli may also be isolated from urine. Thespechnen 
18 centrifuged, several loopfols of the deposit being used to inoculate 
die recommended media. In enteric fever there appear to be transient 
bacilluric periods, and daily examinations ibr a wedc of the momitig 
urine are of particular value where the isolation of the causative organipia 
18 aimed at and where other m^ods have been unsucoesshd. Itt 
carrier detection and in determining the site of carrh^, it riundd be 
remembered that even small quantities of the urine from a urinary 
carrier mixing with his stool may lead to tiie patient being r^arded aa 
botii a urinary and feecal carrier; care in collecting ^lecimens will 


eliminate such errors. 

BiU. — ^By means (A. a duodenal tube, bile may be aspirated and 
cultured in an attempt to isolate tile baciUL Thia technique » of valiie 
m the later of the illnesB and in carrier detection. 

Widd Reemon.—’Vht reactum becomes definite^ manifest uautify 
about the to 10th day. Occasionally it is earliv in devefopmeat 
{e.g, 5tii thy), but may be ddayed. A n^^tive resub at m eariy fWp 
of the ii||Mwa therefore may be inconclusive,.. It is custom^ tn teat tna 
patient’s serum against stanehud H and O sus p ensi on s (in picdM) a| 
each enterk fever organism Ukely to be encounteredr--#,^. ip 
S.typhiaxdS.pana^^S. As a ride, botii O and H agg^titel 
developed, but m sonm eases one (ff tiiese nggMttim ri 
paiticulsriyfotimeiriy stages of the illnma, , . , 

The wm lasctiBO, tested quaiititstively,> ^ 
a certain In. the titre d the reaobon mm foem mb ime «f 




IS 



For determining &e type of infection, H '^gjfi^tiiuctioa is more 
rdtaUe dun the O tesctioa, smce the enteric otgamtms heve ooBie 
O antigenic components in common (table, p. 234); Uxob in a t 3 rpiioid 
infection, O i^lutmation may sometimes be proteHinced with ^e teat 
au^xauion of S. partOypMM as wdi u that of 5. typM (O uitigen 12)} 
wh^ in a paratyphoid B infection, marked O agg^utirution may rise 
occur with ootii teri: suspmuions. However, the presence of O 
rinina usually ejects recatt infection and both H and O ai^utinina 
should be tested for routinely. 

In mtmpreting tile result of a Widal teat, certrin additiomd fsets 
must be k^ in ndnd: 

(1) Nomal serum may agglutinate the test suspensions in kw 
•diluticms, and no diagmutic ri^^cance can be attached to such ete' 
actions. In Britain, me usual limits oi sudi normal i^lutinatioaof 
Standard Suapmsknu^ are S, typM and S. paratyphi B, H-1 in 30, (^1 
in 50 and S. paratyphi A, O and H, 1 in 10. The levd of “nonml 
agglutinins” to these organisms varies in degree in difFermt coin- 
munities and different countries. If ag^utination occurs only in low 
dilutions within the possible ran^ of normal i^lutination, the test 
should be repeated as later resura may show Ugher titrea and ate 
therefore more conclusive. 

In this regard, itahould be noted that, where clot culture is practised 
for isolation oi enteric bacilli early in the disease, the serum withdrawn 
foom the ^ledmcai can be used for Widal testing and the results used 
as a base-line against which tests with subsequent specimens can bi 

(2) Non-qiecific antigens, such as fimbiial antigens, may be present 
in test suspensions and react with an i^lutinin in human sera. This 
may cause a fallacy in the Widal test uitiess the suspensions employed 
are known to be ic^ from such antigens (]g>. 245). 

(3) Persons inoculated with tj^hoid-parat^hoid vaodne (TAB) 
also show specific agglutinins in their sera, and tim may complicate the 
interpretation of the Widal reaction in such persons. In previouriy 
vaedmued cases a dr^initely rising titre for any otte of the oeganiams has 
been regarded as rigiuficant from the diigiMwtic viewpoint; however, 
non-sp^ific factors, sudi at a non-enteric febrile oondfobn, may cause 
an iiKaease of agghitiiuns already fueaent as a resuk of vaccination, and 
enteric infection by one organism may lead to an increased ai^lutination 
titte for tire otiien (anamnestic reactions). _ 

It baa been claiiited that in such peraons, several months ailer 
vaociaation, the agglutinias ate maiiil^ of tire H type, whereas in in* 
footed bmh O and H agglbtiiiins can be dmnonstiated. Ihus, 

in tile appUca^ of the Wiifol reaction in vaoeiaattd penosi, tin 
; teaiiits may be of doubtful atgnificanoe, but if over rix montiiB iKvc 
fMweti ainoe tim date of vaednatiem and if the O dgg^httinatkm tihe is 


I j SwM aw . tw piwMat oTs^ nsfcnts eiunimt dm Mtdts stf vosdmwm sniPC 
//lakentMm luhig dMsa. ' >i 
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(3) Pcdtectbn of foodsimSb ffieo tod ^ stcoi^ of fomt ill 

idErij^aaton. ' 

( 4 ) Bacteriologie oMitrdi iai{M»rtod foods, e^. tggt, dsuccated 
ooootnit and dnned meats. 

Specific preventive meastnes: 

( 1 ) Adequate nursing of cases and the maintenance of an Entajc 
Register for each community, fo which is listed all known dmmic 
carriers; the phage-type of S. typM or S- paratyj^ B which carriers 
are excreting should M noted in the Register, mnce this informatum 
may be invaluable in the investigation of foture outhreaks. 

(2) The control of known carrios in relation to their employinem; 
carriers may be cured by surreal measures, t.g. choleitystectomy, |r 
by antibiotic therapy, e.g. masrive dosage of ampicillin (Christie, 1 ^; 
Whitby, 1964). 

(3) The administration of TAB vaccine to individuals at speciu 
risk, e.g. (a) troops and other persons travelling into or residing in ana^ 
where the standard of sanitation is low or where enteric fevers art 
common; (b) laboratory workers handling specimens or live sutyien- 
sions; (c) individuals residing with known chronic carriers. 

TAB vaccine is prepared from selected smooth cultures of S. fypfu, 
S. paraty^ A and B according to the method described in Chapter 48 . 
The vaedne is usually sterilised at 60° C. (thirty minutes) and 0*5 per 
cent, phenol added as a preservative; it is standardised to contain 
1,000 million S. typU and 750 million each of S. paratyphi A and B 
per ml. The first immunising dose of 0*5 ml. is followed not less than 
ten days later by a second dose of 1 ml., bodi administered subcutane- 
ously; for those continually at risk, a booster dose ( 0*5 ml. or 0*2 ml. 
intracutaneously) should be given biennially. S. paratyphi C may be 
incorporated in the vaccine (750 million b^dlli per ml.) whi^ is foen 
designated "TABC”. 

The propbjdbctic value of TAB vaccination was regarded as wdl 
establiriied rithough foe vital fidd trials had not been undertaken, It 
had been assumed from experimental studies on mice foat foe foO 
immun»ing potency of typhoid vaccine depends on the use df vinikmt 
sixains contdning ai^uate O and antigen, but steriltsation tty bed 
and presenation with phenol tend to destroy foe Vi ant%en» To 
preserve this antigtm F«m and his team advocated a Ins severe treat- 
ment for the vaccine cultures by killing with 7^ per cent atofoid 
ai^ proservatioB with 25 per cent, alcohol; this akxdiaJued viusdne 
sfomuates foe formation of Vi antibody in a nibstantial prmortikMl <rf 
Vaccinated subjects. 

T 1 » comparative efficacy of foe two typn of vaeeioe hd tenaeodf 
Oina foe subject of drictly controlled fidkl trials hi Yugedavhi folder 
^afopaces of foe Worid Hedth Organtsatiem. Tlie ifoadfo huMm 
fofo ffoendised typhoid vaccine is superior to the iiotdioliifod VWWilfo* 
auiifoh|Bve a 70 per ceifo protection ram; dmidailadhiedpe^^^ 
to be Ihfoi btfoer than a vaedne ptaMfod 

fiex/xri, whhdi foeoretibffiy thoM have he piwMklti 
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ORGANISMBB OF BACTERIAL ENTERIHS OP 
FOOD FOlSONOfO 

In addition to tfae enteric fever or^mjanta, ma«e - 

serotypes have been recognised and these ate iMt; 

food poisoning in winch the illness taka the form nf 

enteritis. These serotypes w idottioal with the paratyptoddtMi^ Otil 

only tnoi|>hol(^[ica]ly imd in cidtiiral characteristics bttt slro in 
general biochemical activities; extended biochManical tests, with a wide 
]ai^ie of substrates,^ axe of some value in diSerentiation, but 
antigenic analysis with type-specific sera aUows eadr member of the 
genus to be identified with certainty. 

Pntitogep oa ia.-— Different types vary to some extent to their in* 
vasiveness. It should be noted that unlike the ^phoid-pam^phtnd 
bacilli, these SalmondUa seroQrpes are frequently encountered enzooti- 
cally in nature and also readily infect laboratory Animal* when inten- 
tionally administered. 

In oiees of salmonella food poisoning, the organisms multiply in, and 
are ordinarily confined to, the intestine but in some cases bacteraemia 
and septicaemia may occur. Cholecystitis may also result and menin- 
gitis hae been recorded not infrequently as a result of infection; persons 
with sickle-oell anaemia tq>pear to be more liable to salmonelto infections 
of bone than individuals free of tiiis condition (Hendrickse & Ctdlard, 
1960). 

Epidenaiokigy. — ^Unlike typhoid fever, in whidt human cases and 
carriers are the sole source of infecto>n, salmonella food possoning 
usually originates from animal sources. Domestic aiumals sudt m 
cows, sheep and pigs may be infected dinically or snbdinicaUy; in 
apparently healthy mttle a carrier rate of 1 per cent has beosJouad. 
Hobbs & Wilson (1959) have ahown an increase in the cai^ aMk at 
animals are moved £rom fistm, tiuough mari^ to abi^totr, ai^ it ^ 
thought that the carrier atate proceeds to ftanh infection and septknnmils 
during transit whmi the anirw is decked <rf food ai^ water; nmdlay 
findings have beintinade tnsheep. The source of «ptomiticsahnond)s 
infection is vsiaalde, but £eediii^*itiiffi hsve been inohnim^^ 

1959) and the maintmiance of such infections csisootiiiaiiy is lesd^ 
explained by tile finding that S, tvfJnmmiim remains riswe In tadiet# 
pasture and fieoas oommmdy fiw four weela and somepam^ aa Cf 

htm been mariMaed, whethd or it » 
with sahnmidlae* M; dm be enataorinaied at all 
^ore bdbft OKBSQiii^^ inihisieiflptdttmtepaittedtiMw 

greater tiaiaijfiawd lAthiaa ^ tiiaj^^ 
cieatwsaoittihittdGUs^ 
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iion^ with deaA dukHux in ^ 

«t^; if, on purchase, meat meat iHCKhtOtt ate free of admoadb^ 
tW may stdl become contaminated in the final stages of pwpatitkm 
at home, in canteens, school-meal hitchens and the like, if any indi- 
-vidiul invcdved in cooking or servieg the meal is excreting aalrnmndlae 
either as a carrier or as an andnikmt osae of infectbn. Caking is not 
always a safe meai» of destroying salmcMidlae in foodstufis (Mifier & 
Bmmden, 1955). The food ni^y ahows aiQr obvimts dgn of bacterid 
eontaminatkm. 

In addhion to meat, cow’s milk and milk products majr be a source 
of infeotiott; furthermore, epizootic salmoneUs infoctions in rats, mice 
and other nxfents allow sii^ animals to i^ect foodstuffs with 
excreta. The use of SaimotteUa mUmiidu as a rodent poison 
eradication purposes carries the risk that fiiis organism may some 
be trananitted to man in this way. 

Birds, particularly hens, dudm and turk^s, suffer from 
infection and their carcasaes may be a aource of infectkm to mah; 
wise dude and hen eggs may be the source, the eg^ being infected eit 
during formation in foe oviduct, as in foe case of the dudt, or by foe 
organisms passh^ through ffm shell from doacal discharges in foe 
nesting-box. Gmtamination through foe shell is most likely to occur 
imme^tely after laying whilst it u still warm and moist externally; 
during foe cooling period, bacteria are readily sudeed forough foe ahd^ 

Unless infected egm are used for preparation of custards or other 
communally consume products, infection is restricted to foe individuial 
consumer and sudi single case infeefoms will rarely attract atttmtum. 
The pooling of eggs, ei^r as raw whole ^ for foe baking industry or 
as spray-dned powder for home use as well as for manufacturing 
concerns, allows contamination of ofoerwise dean material wifo s 
mimm^ of infected egga. Circumstan^ evidence of the impmlanoe 
of sudi bulk material in promoting epioemic salmondla infectioiis has 
occurred rimultaneously wifo foe appearance of aerotypes whidi were 
rardy or never encountered prior to in^rtation of sudi matNtal : 
such a circumstance fdkmed foe introduction of dried egg powder 
fonn foe U.S A. durii^ foe eaify years of foe last war and foe extearive 
imptmatfam iff frmsm egg and (Med egg allnmfoi from China and other 
countries in more recent years. 

tlie majority of (midanics investigated bacterioh^h*^ sro caused 
M one of foe following: S, typkbmtrium, S. mj^eriHiu, S. 

S, neupoft or & rishSM. 

tyg^ij|fowrhf» acooitins for nioro than 70 per oefo. <ff foeietv^ 

hfedn, and {AMp-typa^ of strains faw been usefod fodeteding the iooio^ 
(ffinfoetkai. Tnebiochnroicalandantigemcriinilitfityto 

th* rfffd ff*r fftffluglftd fo fo* ffW**** 

fil« ) i W i lswnMfr Mfoettactmodfee^^ 

-nudbrafos. This sendogM <rithy ega be enlMfiri^ 

tynes, aiwi foeie tnies asd liBeMMd* 

fotiro MochaiM typo enn be 

♦ ( V 
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faeat» «ii4 other sj^ediseBt axe <teak widi mhk&» di^gamh 
>nteric ferns. Blood colture tSfely yields poshims 
)e cutkd outKttif hi cases where fever pe^taw xpmimi»^llm^^ 
IneouvrieMcnoer the serum of pa^as ^ghitbaiM 
(reanist&i hot fee ag^otinitioa test is not i^^phcaible 
itage as ^ ag^utinins take some days to in^ thrir appthiAwi^^ 
)lood. The test may be applied retrospectivdiy in confeleBcMilijn^ 
n which either fee diagncds has bum delayed or from ynnfe att 
luu been isolated duritqif fee acute phase; feus, gaps in fee 
.}, ain of qiidemiologic findings may be filled by such eVidaiM. 

The bacteriotogical examimtion of suspected food-stuffs, if avaai- 
iblc, should be carried out as in Chapter 55. Itmustbe emphausedfedrt 
n the investigation of food poisoning outbreaks, fee bacteriologist is 
me of a tewn induding clinician, ^demiologist and others; 0“^^ 
Jose co-operation wfil such investigations be carried to a succesafui 

Proifeylnxia. — ^'Hie various procedures are tfeulated below, and for 
i account of these reference should be made to a texfeoiA of 

'^^^^Superviaion of the healfe of animals on farms wife the s^rega- 
ion and dispo^ of infected^iembers of a herd. 

(2) Adequate meat inspection at abattoirs. 

(3) Maintenanre of all premises in a dean state, confemed wife 

odent-proofing and anti-fly mea^. 

(4) Adequate cooking and subsequent cold storage of food which is 

lot consumed immedhtely after preparation. .... 

(5) Supervision of fee health of food-handlers and their education 
n methods of preventing contamination of foodstuflEs. 

dentificatioii nf SalmxMwIln Serotypes 
When a lactose non-fermenting b^lus 
ol g<!m» ta bM 

ovdw I aaMaOh miouitt of dota^ SI 



nd feeir unddlyii^ principle. 
Thepteseobefe 


ihe preseocc or aotonoe « ^ . 

8 noted by inocolafeig * tube of semi-sdid ^ J 

nocukted for Iwmwtafem reactoia. Christoo sms ” 

ilso inocukted to exdode orgadMttS of fee genus Piyh^ 
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taeaatihix of 'dw g«xi» tm <»ie of « mai^ of gnM^ dani^tod A^I. 
loapectioa of l3ie O>antigeni0 ftmaulae exeflnqplified in tfara table ifviffl 
dww tint att mendien of a ^ntieular gconp poaaeia an Onuidgea 
iviiicili ia otnanioa tfarou^out die group and not aiaued vdtb odier 
groa|i^ 0 .g. Group antigen 2, Grou^ anti^ 4, etc. Thia 
k dnignated ibe detetmioiiig antigen, an4 correqrondingiy, dkipoatic 
scan nvnidi have bera dbaoibed to ronove all antibodies except diat fiu: 
die group'Opecifie andgen aro designated as “Factor 2” seruno, “Factor 
4*’ serum, etc. 


Some Rtpresetiuaives of the gemit Salmondla 
(Ksuffinaim-White Classification) 


Group 

Type 

Somatic antigens 

Flagdlar antige as 

Phasel 

Phase^ 

A 

jS. paratyphi A 

1, 2, 12 

a 

:-\ 

B 

S. paratyphi B 

S. tykpmuriim 

S. Stanley 
heideiberg 

S* abartus^equi 

So abortm^ovis 

1,4,5, 12 

1.4.5. 12 

4, 5, 12 

4, 5. 12 

4, 12 

4.12 

■ 

1.2 
1.2 
1,2 
1.2 
e, n, X 
1.6 


S. paratyphi C 

S. dmkrae-sms 

S. tiwmpson 

S. bareiUy 

6, 7. Vi 

6.7 

6.7 

6,7 

■ 

■ 

c. 

So newport 

So bovis^morbifieans 

6,8 

6,8 

■ 

1.2 

1,5 

D 

S. typhi 

S.diMn 

S. enteritidis 

S. goBmanm^ 

9, 12, Vi 

1, 9, 12 

1, 9. 12 

1, 9, 12 


■ 

El 

S. amOum 

S. melet^ridu 

S. hadm - 

3,10 

3, 10 

3, 10 

e, h 
e, h 
l,v 

1,6 

l.'W' 

1,6 

E. 

S.ee^tuAerg . 

1, 3, 19 


- 

" F 

S. eiberdem 

11 

B 

1. 2 

im 

S.pooaa 

13,22 

z 

IB 


1 4i'.#w0srimisiw(ol«ak»llri^^ 


VP^bsbdnuatkn diat tbe oigankm » a mcanber 0 ^ 

If^lMtt^glll^hidttatkmtesttU^pofyvidttatO^^ M ^ 
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a«hitilK|tiott oocufs 01 # in V$ oermo, ^ eoltiijtte in 

«t too** C. for one iKmr wd oeatiiluged, flOKi a £re«fai 
siimdftiiefaeatedidi^iositiihoiddbeieiteBtedirhhpeij^^ lit 

eiW event, foe culnue auqfen^ should now be tested wifo I#! 
absorbed “FscUHr” sera in one of which agg^utuistfon will ho im«M Iftd 
furfoer testing restricted to identifying ^ i^peeific tsfpo- tnipkl ^ 
particular O group. Cultures whifo are initiwjr ag^yfolatod 
Vi serum should be in group C if they are S. C 

D they are S. typM. On occasion, a rough c^tute of )S'< 
isolated which does not agglutinate wtfo group D serum afon weitibaK 
and it is essential to determine biofoonu^y whether a cidfore, wbm 
m foe live state agglutinates in Vi serum but after heating is ina^utin- 
able in group C, group D and Vi serum, is in fact a rou^ etUture of 
S. typhi. 

Detemmation of Type. — Before proceeding to type the organism 
by identifying its H-antigen structure, it is necessary to determine 
whether foe culture (if diphasic) is in the specific or non-spotific phase. 
An H-agglutinating serum prepared against foe nQn<apec^, mono- 
phasic variety of S. choleraesuis is a convenient reagmt for tiiis purpose. 
If a formalised suspension of foe unknown organism is agglutinated in 
large fiocculea to any extent by this serum, it is in the non-specific 
phase, and an efibrt must be made to secure a specific-phase subculture 
of it before furfoer identification is attempted. 

The Craigie tube is a convenient method for obtaining foe spedfic 
form of a salmonella organism: 

5 ml. amounts of nutrient agu 
(0-2 per cent, agar) are placed in 
stoppered 6 x ^ in. test-tubes with 
a small iimer tube open at both 
ends and with the upper end pro- 
jecting well above foe agar; foe 
medium is sterilised, cooled to 
50® C. and then O-S ml. and 1 ml. 
of a 1 in 5 dilution of the non- 
specific phase serum (filtered to 
ensure sterility) are added, giving 
a final concentration of 1 in 50 wd 
1 in 25 na^Jectivdy. Tine medium 

IS allowed to solidify in foe upright ... , , ^ - . . 

position. Tlie agar mide the iimcr tube is inoodf^ 

mefood with non-i^iecific, group-phase culture. The wedncRmW 

can then be separated by incubating and subcnkm# 

oHtkdr foe inner fobe. The beat rewts are dfofaed 

Shortest period of incnbatioo, e.#. 


Subculture 

withdrawn 



Inoculum 

introduced 


, OGOr 

^^^with U25 (W 




PSO <Slutibn 
of H non-^Nso* 
ific sertffli 


Fio.17. 
Oniric Tube. 


sevotingtoei 
, formdibed 


with pnre i^pedfibipiiri^ H aei« pi 
in foe pKwF riN# 

many onwa erifowfo fono ^ 


eo an 

i agafoai ti» iriteNM 



w— MSf^ICAL MIC!>0B!®bOGT 

dienokal !reMCtii«is, vvitt learve to identify ttuBiraknowii ttrainifit ieone 
tS the Usual t^fxnt od Saitsoffliellae. 

The set of Siaodasd ^^ntbuitii^ seta raoonmieiided is as follows: 


0 antiaen: 

S.^Ti. 

Fblyvalait 0 aenim containing factors 1-13, 19 and 22. 
Faotw sera — 

2* for Saltnondila O group A 
4 B 

7 C, 

8 C, 

9 D 

3, 10 E, & , 

19« E, 

11‘ F 

13,22 


H antisera: 

Polyvalent Salmonella serum, composite H specific and non-specific 
' Sa&onella H Dlia8e-2 oolwalent serum fH factors 1-71. 


5. paretyphi A 
S, paratypM B 
S. paratyphi C* 
S.typhi . 

S. luaport . 
Factor serum 
S. etOeritidu 
St typhrmurtuM 

C 


Anthem Anthem 

a Factor serum . 1« v, w 

b S. bovit-morbificans* r 

c S. bareiity* . y 

d S. pooae^ . . z 

e, h S. ghftrup* . % 

g. m,p 

g, m S. cerrti* . . Z 4 , z^ 


* These seta are not issued routinely by the Standards Laboratory, but only on 
fecial request. ^ 

Positive results obtained by slide agglutination naust be confirmed by 
the tube-dilution mediod to ensure that agglutination occurs at or 
beyond the stated diagnostic titre of the partiodar antiserum employed. 


THE ARIZONA (HtOtlP 

This group is composed of lactose-fermenting organisms whidh are 
okaely lii&ed, biochemically and antigeoically, to the genus Sabmk^. 
The mat member of tiie group isolated from reptiles and described 
in 1939. 

These organisms, most frequently auociated with reptiles, have abo 
be<^ isobfod from f^ls, mammala and man, but have »o bx attrscasd 
Sods atiention in Britaitt although it is recognised that they can produce 
iesefe and fatal human iafecthma. 

In tibeir moiphok^ and staining rmctiona, and in dbrir gensfetri 
tittraecerutica, mardma of tim geoiqr are indistinguiih^ 
MdcndM&iie. With the eae^ition of cme aerofype, theae oiginilWBi 
fyshieitit lactose with tpi peoduction; so prcnnpt » thb scthdtr 



AllIZOKA GROUP 237 

Bvuijf fttoduoe pink o^oiUcr on. tibe primaity DC4 pktns after 

ovemill^incuMtion; withothen^kiiAiw^'feiix^ 
for to five days, and ocmkmal attains skow no aotn% untfi mar 

two or tkree wests' growth. Hieir constant ability to Hq^aefy gdatin 
is also in omtrast to salmondlae, in which gelatinase prochictieil ocrairi 
only larefy; conversdiy, thehr fiuhue to feitnent dtucitd fttrthar #i> 
ttn^uhes Arizona stnins front iIm vast inajotity of salnwndlae. *!Pl)dar 
bu^honical rinularity itnpliea^t Arizona strains inay be ttfistakanly 
identified as salmoneUae, tin more so since amigei^ overiiqipiii^ 
between the two is exteasivoaMregardsboritH and OantigaDs; dtagno#* 
tic salmonella sera can be uiiid as substitutes for many of the Albania 
antisera (Edwards & Ewing* 1962). 

I At least 32 seio-groupa<of Arizona are recognised on the basn 
different O antigens; most of these groups contain two or more sero- 
ipes identifiablehQr flagellar antigens which, as in the genus SabimeUa, 
iMy occur in two phases: 180 serotypes are at present reco^used and 
tnese are epidemiologically significant. 

\ The error in identifying a culture as a salmonella rather ftum as an 
Arizona strain is of no great importance since, in man, the oiganisms 
produce similar clinical syndromes and can be r^arded as Very similar 
from the epidemiologic point of view and for proph 3 dactic measures. 

A more significant error is the rejection of an organism as “non* 
pathogenic” on the basis of prompt lactose-fermentatkm on primafy 

a ostic media. At present, our knovdet^ of file distribirtbn of 
na serotypes in man is elementary but of their pathi^enicity there 
can be no doubt. 
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CHAPTER 17 

SHIGELLA 


Tas ineidben of th» are tbe causative oi^guitBim acute bod^^ 

dysentery, a disease whidi is widespread throughout the wodd aiHl 
whidi has become uu^earat^y common in Britain in die last thirty 
years. The severity of the illness is, to some extent, rdated tt^ die 
particular group or species incriminated; the Sl^Ua dysenUruu 
group is most commonly associated with the classic syn^ome of 
sudden onset of abdominal pain, tenesmus, pyrexia and prostration, 
widi the passage of frequent stools which rapidly lose their faecd nature 
and become composed of blood and mucus. The illness assocutted with 
ShigeSa somui infection may be confined to the passage of a fe 
motions and is frequently so mild that the individual continues at 
work or school. The stool is seldom much altered except in consist* 
ency, some blood and mucus being frequendy present with it, but rarely 
as ^ sole constituents. ' 

Two other gco\ip&-~-Shig 0 Ua flexneri and Shigella boydU-^t en- 
countered as causative agents in bacillaiy dysentery. The illness 
associated with members of these groups tends to be more severe dian 
with Sh. sormei. 

Morphology and Stcdning . — Identical with S. typhi except that they 
do not possess fli^Ua and are non-motile. Fimbriae occur only in 
Sh. flexneri typoA. ' 

Cultural Characters . — Resemble the genus Sabnonella with the ex- 
ception that Sh. sonnet is a late fermenter of lactose — ^thus, colonies of 
the latter on MacConkey or DCA media become pink when incuba- 
tion is prolonged beyond 18-24 hours. 

Viability . — ^The thermal death-point is about 55® C, for 1 hr.; 
within the genus, Sh. sorniei is more resistant to adverse environmental 
factors than are the other members. 

Sktehemical Rroctiom.— The 4 groups within die genus Shigella 
display the activities shown in the table. 


Group 

Glucose 

Lactose 

Mannitol 

Indole 

No. of 
serotypes 

A AA dysenterke 
B. Skjmneri 

1 

1 

— 

1 

■ 

10 

6 

C, ieydii 

± 

— 

1 


is 

% m. smtei 

i. 

(1) 

1 


1 


- ' I ' ' I.. ■ - -I -T - 

Xwacid, ao ( laxldayBd reaenon; v«Bvansbl« ia different typm. 


members <rf group A differ from those in other groups bjr con- 
to fernunt mannitol groups! and Cconmiw^mciei 
vdihh are biochemically similar to each odier wheress group D atrsim 









lit* fenneatei* ctf faustoio toul'flaivr ptoAwit indMc ’dte 
excejiitsim of i:mam (ftndbtt c€ 

Thie practical chnstScation shige^ into inaimitrf^fimnaiife^ 
bimI .raanoltd non^etmaatiQg atnina is retained, notwiiiiataadaaig tbe 
&(^ l3]dft Tari(mexoepdona^ve been recognised; indeed, Ibe n£uive 
ta^ ai Sh. fiemeri atiains which do not Sennent noann^ gtvea-llta 
ktt^ feaitare vahn as an e^idenu(dogtc nuudcer. lilts citOiaaMaace ia 
best eaem^i^ 1^ the biochenucal sub-dhrincai of the aeriibjj^Bfliy 
homogeneoin><S%.jl0menl7pe6a8ialhetable. . 


Biochemical 

Variety 

Glucose 

Mumitol 


No. 88 

X 

1 

^9 

No. 88 

X 

± 

(J-) 

Manchester 

+ 

+ 

(+) 

Newcastle 

+ 

•MO 

(+) 


K^: 4- <e add and gas; X‘*<^doidr;()adeltQred reaction. 


Vinitiiin the' Flexner group, mannitol non-fermenting strains ate also 
fouai&ht serotypes 1, 2, 3 and 4, but only in Qrpe 4 are they as oimunan 
a8|i|M!hvariantsintype6; mannitol non-famentmg strains 
type 4 were previously designated Sk, rabauknsk and Sh. rio. 

The inclusion of duldtol as a substrate in biochemical mbdiviiNtm of 
type 6 strains allows strains designated No. 88 to be divided into two 
bio-types; one-third of such strains do not ferment dulcitol, whereas 
die omers produce acid in thia substrate after two to four days’ in- 
cubation. 

Antigemc Characters . — Group A strains can be recc^^iised as one cf 
at least 10 iped^ serotypes by agi^tination tests tvith type-^^Mi^dfic 
antisera. Ihese types do not show significant intxa- or inter-gnu^ 
sharing of antigens; unriisorbed seix can thus be used in type 
ficatkm. > I 


Group B strains: 6 serotypes am rec(^paised--^ihese am sigoifici^^ 
interrdated by posaesskm ai a oommcm group aii%e& (group int!i|e^ 
1). Bsd^semtj^ when freshly isolated, tdaoposaesses a 
ommdnent (type antigens 1 , 11 , 111 , ete.)i»orig«udfy 
(1938). The8efiiidiiigshavebeenconfitmBd«id^)f«il,2l»^ 
mvided into two subtypes on (he basis of mumr gmof «# 

Sk. ^kmari lo possesses dm (ypoH^iecafid sniignn 1 m 
strrins desigasted subtype In dn not posaess ^ 
whernaa at^bts^m U strains constandy amstin ddi 
ham, B stmins tend to hm iheir 

altlK]%h mliiiiing theiir group mrigMii* spp raMhi 

t]fe «f n ttralAniust be slitcM 












MSDICAli MICROBIOLOGY 


m 

Oxoup C atnu&s: Tbe 15 lecogouBd seralyiNB fUs 

gioiip ate biodMtaically indatiagui&abks finm giovip B atnm, bttt 
ai« seiologtcally distinct from the latter, since they do not poatm the 
SAjfexnert' group antigen 1; hmrover, some aaniiyjws m gn^ C ^ 
M gnjfiraat serdk^jical lelationships with other gnmp C stndna as wdUi 
as udth certain type! of SSi. fimten, and it is enential that (nrhh the 
ocception of Sh. bcydU types 2, 3, 7 and 8) (hagnostic antiaem should 
be absorbed to remove aggglntinins which react nono^rec^bkUy. 

Group D strains: Smoodi cultures of Sh, mam are serokqpcally 
distinct from mher shigellae; the study of snuKrth^rough ($*R) yaria* 
tion of Sh, sonaei has revealed that each form is antigenu^y distinct 
and that the recognised relationship widi Sh. boydU type 6 strains is 
solely a function of the R form. Sh. sotaui strains cannot be subdivided 
into types by serological methods; attempts have been madp to type 
or (b^cterise strains by other methods (pp.241-42). 

Attoml Patlugemcity . — Culturro of dysentery bacilli are generally 
non-pathogenic vben introduced orally in laboratory attimalsA Intra- 
venous injection produces a haemorrhagic enteritis and, if the animal 
siuvives, muscular paralysis may result. These effects are particularly 
marked in the case of Sh. d^senteriae ^pe 1 {Sh. sh^ae), which 
forms a potent, diffusible toxin. Apart from num, ordy monkws 
and chimpanzees suffer naturally from bacillary dysentery (RewdB, 
1949). 

FMhogeneais.— Infection occurs by ingestion; it is probable that the 
infecting dose is of a much lower order than for salmonellae fncept 
S. typk^). After reaching the large intestine the sh^dlae n^tipiy 
locally with resultant inflammation of the mucosa whidh may, in severe 

-.1 r t l.* t _ 




mucous membrane. The cellular response is dbaracteristicalfy by 
polymtuphonuclear leucoqrtel and these ate readily noted on micro* 
scopic examination of the dejecta. D]^ntery badlli ratdy invade other 
tissues and bacteraemia has only occasionally been reported. 

On clinical recovery, the patients may ctmtinue to excrete the (xgan- 
isms in their stools for a few weeks and smne patients may becooie 
persistent carriers. It is worth noting that peiwms canyiiig 1^. 
dymOmae serotypes excrete these organisms persistently con^tteed 
widr ca^is of Sh. flexam and Sh. mum in whom intermittent mc- 
cttttion is more common, i.e. the oq;anisms may be isdated from 
fiteces flu: two or three days consecutively and then disiuppear oi%^ to 
reappear after some days or wedcs. Whtei oDiiipwiiig e«^ 

CSETiier rates in badlla^ dysentery with mote recent r^rts, it alMsnU 
Itetemembe^ that the introduction of naoresdkRttve media, DC!A» 
ensufes the isdation of dtigeUae uben these ue present id such inu^ 
ttuidbm dun otherwise they would not be detected. 

. --Souroes of infiMbioa ate human cases sard carY^ 
the tr^d natuiR ^Soime mfectiona, often stetetethig to Bitte nw 
a aoehl inoottveolence, ailows inihnted padsnis In tmaka ateMtet 
With a grestly increased i^portuiiity for diiiteiiiinddw* die tegwAi 
coimpared wifo the perstei vriio k OoteStlid lo bed. TbM 


faetMO' and 

htt hem f 3 i 0 sul»ject ol miMb ildbite; Bbit ■ncIi pmm m 

pam^ (moeA lAoek, exe nmeh km isapotMit in me $pme^^ 
meSmmernmmmeefiAihM^mlomeeMem ' 

Bsit«ia, badUaiy Afeemij » mAmie iritis cfiilm# nmm 
oocu«(jng in the eeAf pare of me year eM^ m e km mmm, ift 1«(« 
autumn. Th» «o»tmna ea^enjense in mA aul>-<|r«if(ip4 

countriea wheie ^ dbeaae is most preralcnt tnifint tW|[ lljllii^ 
months. The iac^ of modem sanitation hm hsen imroled tn expiin 
the fi^uency of epidemics in oertai^ oountcies, and certtfj^ lift eofiK 
stnictbn of elementary toilet ladfities, e^g. bnteddM# lattinet^ lun 
reduced the inddenoe in sudi circumstances: by coibCst, in Britaia» 
we have seen the almost unrelenting increase in bacilla^ dywnttoy in 
the last thirty years during which time envkcnmaital hygiene has hem 
well above the standard obtained in materially lesa^vour^ com- 
munities. Similarly, the spread of organinns flies fnun fiMices to 
food, although a [wtential danger in less satisfactory cucumstances, 
must rarely be im^rtant in our community, where tlm peak inddmce 
of the disease occurs during the months of ^ year udien house flies are 
uncommon. Dysentery bacilli, being excreta in tile faeces, may be 
transmitted to food through the soiled hands dP a case or carrier, or they 
may pass from such sources to other individuals via inanimate objects 
such as door-handles, toilet chains and seats, pendk and crodcery. A 
comparative study (Hutdiinson, 1956) of tte dissemination cl Sk. 
somtd by cases revved that contamination was heaviest in tiie im- 
mediate vicinity of the toilet pedestal, tiiat tiie orgamsms passed 
through toilet paper on to fingms and that they could be recovered from 
fingem at least three hours met these had hem contamiiwled. 

In summary, there b suflkient evidence to confirm tied, in Britun 
at least, bacillary dysentery b a hand-to-mouth infection depending for 
its spread on p^r personal h]^iene rather than on low standaxw bP 
community services, although aanitary arrangements in amgf adhodb 
leave much to be derired. Whibt barillaty dysentery b unoominon Ih 
the first year of life, the majori^ or cases occur nk the under-5 age- 
group; in recent yean, the increasum imadence In tits IMl jfbiijni 
gimip has drawn attention to the role of priinaiy ecliocds m psM 
the ^>read of dysentery. Males are more fireqpteii% hkfMmd lAme 
femal^ except in the 15-45 yean group, ititmt the inmnaiy'ttf cen^ 
betw^ motW and suA chw easurea tint emmerk eie mtmi eBp se ed 
m mnOtiml, and suffer more commmfy* tiisa men. 




ii4$»kCAt menmiQtrnt 

Itoen luulerttdeen (Tm, 1955), but txf «nd iii« pfstOmtiltr- 

of one ^lage-type did not enoourago m mt* 

Itie abi% of SoUne stniiu to produce vaxioiiu ipeciSe ody^dde# 
baa been anployed recently fM* epidemi<dO|^ porpOMS lUideAcwuiragii^ 
resultB have been obtained. Our experience of edbcine typing is 
entirely in agreement with &e publi^ed accounts, l^e SM^tod 
recommended (Gillies, 1964) is bwed on that of Abbot and ^umntm 
(1958). 

M0dm : 

1. For colicme production. Tryptone Soya (TS) Agar (Oxoid) 

is reconstituted accordmg to tl^ manufacturer’s instructions and 
horse blood is added to give a final concentration of Z S.pet cent 
lire medium is dispensed in Petri dishes. j 

2. For cultivation of Indicator Strains. Infusion broth ia used for 
this purpose. 

Techm^: 

The strain to be tested is inoculated by a single dialipetrical 
streak on TS agar and the plate incubated at 35° C. for twenty-four 
hours. The growth is then removed with the edge of a glass slide 
and 2-3 ml. of chloroform are poured on to the base of the plate 
and the medium-containing portion replaced. After ten to fifteen 
minutes’ exposure to the chloroform vapour, the residual liquid 
chloroform is decanted and the plate exposed to air for a further 
ten to fifteen minutes; thereafter the indicator (passive) strains are 
seeded on to the plate at right angles to the original ^wth line. 
Incubation at 37° C. for eight to twelve hours reveals various patterns 
of inhibition of the indicator strains by the colidnes in the medium; 
at least 16 colicine-types^qf Sk. sormd can thus be identified, and 
these appear to be stable. 


Laboratory Diagnosis 

The collection of faecal specimens and their transmission to the 
labmatory demands the same care as for specimens £r(»n cases of enteric 
fever. Spedmens obtained by rectal swd}bing are less reliable than 
£ie^ unless they have been taken expertly and cultured whiPb still 
mcas^ The use of serum-coated rectal swribs enhances tiieir value, 
but, in general, the use cd rectal swabs should be restricted to tiie inr 
yestigation <d oi^eaks in institutions where iabonttory facilities tfe 
immraiately awuhible. A further disadvantage of swab ^Mcimeils is 
that tb^ {MTohibit macro- and microscopic examination of the sindi> 
whkh can be helpful in the differential diagnoria of aetiologies iAsnute 


* 04kiiies (l»acrio<^ iiatundljr eoeBtring naflliMilc w iIi s mb ic bs sMbstsM 



ovitxtatiifr m 

(UtinteMti the ^em ^ toltetiiag hoem m 01*m 4 on ^ piM 
or lus mitivm, 

sioo. of pecM or a «aua^ portion of tl» ^pcckjOten win 
an abundam and dbuacteriattc osUi^ lire oellajMWioQftaco 

moatlf pdynwrph leucocjrtes with a vamng ouinher of red ok)o4 ce^, 
and in die early atagea luiaietoua q>ithim ce!^ In addidon tbeae» 
inACsroph^arefrequendyacharacteriatiefatuteofthottl^^ «li^ 

leucocyto, aa a rule, show marked degenqpion. 

Cmtivatiou . — ^If the faeces ate formed it is eiaentid Ihat tltey be 
emulsified m saline prior to plating out on DCA aj^ inoculating a 
selenite eorichment broth; the latter is aubculturedtdn to a fresh plate 
of DCA medium after incubation for 1S>24 htnira. H mucus ia 
present in the specimen, it should be emplioyedag an inoculum, ^lottiea 
of dysentery bacilU are pale or cohnimas after primary incubation on 
DCA, and at least three such colonies should be sdbcted for further 
investigation. Tubes ofthe followup media are inoculated: (1) peptone 
water; (2) glucose, lactose, sucrose, and mannitol peptone water with 
phenol red or Andrade’s indicator and Duriiam tube, and these «e 
incubated for 12-24 hoim. The pepfone wiuer w examined after six 
to seven hours for motility of the mgan^os. Alternative^, tests nwy 
be nutde using composite media which obviate the need for making a 
hanging*4rop preparati<m to study motihty and ia otherwise as safi^f 
factory as the first method (Gillies, 1956). 

Cultures with the biochemical characteristics of one or other of the 
Sh^jella groups must have their identity confirmed by aetologicai 
investigation. If the strain is mannitol non-fermenting, it should be 
tested for agglutination with the individual type-speci& sera oonv- 
priinng group A. If the strain ferments mannitol, then it may be a 
member ctf groups B-D and should be tested with polyvalent sera few 
fiexHoi and boy^ serotypes and with a Sonne antiserum; in the case 
of positive reactions wifo one or otiier of the polyvalent sera, the atn^ 
is rarther tested with the type-specific sera whhin die particular gproupt 
Positive results obtained by slide agglutination must be confimied % 
the tube-dtlution method to ensure that agg^utinatiem oocum at or 
beyond the stated diagnostic titoe the particular tmtiaecum 

Sfide agghttinatimi teats with colonies pkhed dixeedy foom * 
nosde plates may be used for making eaify presumptive vmbal lUpCN^ 
befiuu confirmatory biocheiQieal and aerrd^lliiQiu ba* 

veafigationa. 

r«ftr wiA Patmt't Smumr*%axh testa 4o hot have 
the wftoe vtdue as the Widal rewstion in dm ffl u t ein kr fovera, liiMai esab 
in caaes finsen vdiidi the causadve o(|puiism has beep dhs 

padento’ aaiton fiimiuin^ 
witii ^ 

e!iQ& fwi turi ) in liiimii 


244 mmcM, utcmjiiotmst 

Qpmp A. Individtul 8f>ed&; wn lor lyp» 

Group B. Polyvaleitt serum. 

Indmiual sora for tjrpes 2, 3, 4 ftad X vstiam. 
Individual sera for types 1, 4, 5 and Y Vuiaat* 
Group C. Polyvalent Boyd I (^pes 1-6^* 

Pol^mt Boyd II (types 7-1 1).* 

Inmvidual sera for types 1-11.* 

Group D. S-R Sonne serum. 

Phase I (S) serum.* 

Phase II (R) serum.* 

* Available only on specie! request. 


Otemodterapy. — ^The value of sulphonamides in tieatinff Sonne 
dysente^ has diminished since, in Britain, the majoriQr of are 
now resistant to these agents. Streptomycin in gdwgnat* dosim^ves 
satisfactory clinical and bacteriological cure, but inadequate tfotage ot 
tcm brief a treatment period allows Sh. sonnei to devefop resistuice m 
vivo. The tetracyclines or chloranq>henicol should be neser^ for 

such cases; area laboratimes can usefully check die sensitivi^ of Sonne 

strains and advise practitioners regarding the emergence of 
resistant to one or other therapeutic agent. 

Praphyla^. — ^The epidemiology of bacillary dysentery in tenqierate 
climates implies that improvement in perscmd hygime, particulidy 
hand-washing after defaecation and brfore handling ftwdstufo, would 
achieve much in the prevention of spread. Childt^ must be trained in 
such ekmentaiy procedures, and adequate focUities must be provided 
in schools and other commimal centres. The aHaptayM^n of 
hand-operated toilet-flushing systems to foot-opmOed nMSfthanwm. and 
the installation of similar mechanisms for manipulating toilet seats 
w^d eliminate the handling«ef structures whi^ act as vehicles of 
infection. The replaoemrait of roller-tovirds with dia p^s aHff paper- 
t^els or continuous-feed roller systems will enoounme hand-washtnm 
mrt th^ and wash-basins must be in the same amwara as the tniH ; 
otfam^ the handling of intervening doors will d^eat thdr purpose. 

Sulphonamides have been administered pn^l^ls^cally m 
comm^tY outbreaks, but with little advantage; in mai^ reports of 
sudi trials im mention is noade of whether the ai*y}n was 

tested for sensitivity to the drug. Since the minority Sonne 
me resistant to su^ho n a m ides, it is not surpnaing that mmiloy- 
moit m prophylaxis has rarely been suocesrfiil. 

In mem where toilet focilities are primitive or noa-exiatent; dlher 
^^emon irf bored-hole latrines or chemical tdlets will reduce flbe 
VKaitiom Of t!i0ect*«bonie modes of mtead ami f |%4 

techniquea may be applied to domtttic and other pm^ 
apectnc vaocmes have no pioph 3 dactic vtdue. 

Aatigeiiic llelttioiu(lti|pt hi 
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(O) and mgtBar (H) 0 ^* to talmomulhe. ^ 

Hemwver^ oettaiii otbiff Idaiu of Mitibce may be pvMiaif 

some mie aswciattd vfi&L mcMpbbbg^ feattunil of ^ hitsim^, $ 4 . 
<»psabv or envdbpe K iwweat of KjHidbaim 
«^}an4fiDa}sul«ntigeiaa(Q l95{f)i«|^o4torB,«adbi 

as tt antigen 4 ^ Stamp aod Stone (1944) and the 

(1949), are not duttaet^ised morphoio^ica%. Sudh Wf 

cause difficulties in serok^cal identification « the badn^fd by 
covering and maskii^; the O imtigen so that the badlU are iM^utinabie 
by O antibodies or by produch^ non-specific cross ftictions becatito 
of their presence in otherwise unrelated organisms. 

Fimnal mt^ent. — ^Tbese are borne g& fimbriae and have been 
found in Esch. coK, Sh.flexneri, Cl. cbmae, KUbtidla species, Sabwon^ 
ellae, Proteus and Ps. pyoeyanea (D^id & Gillies, 1957; Duguid, 
1959). In many species fimbriation is a variable state; serial aimdtic 
cultivation in fluid media selects a fimbriate mutant while ihe non* 
fimbriate mutant is selected by serial cultivatitm on nutrient a^ plates. 
Fimbriae can be demonstrated only by the electron*microscD^ but 
their presence is associated with hasmagg^utinating adirity and their 
absence with lack of such activiQr, so t^t the demondtation of direct 
bacterial hamm^utination (<ffi»n specifically inhibited by 2 per omt. 
D-mannose) affords evidence of fimbriation. 

Many fi^A. coU strains remain partially fimbriate on agsr and ffirir 
fimbrial antigens may give rise to non-specific reactions; K antigens 
occurring in such strains have some general resemblances to fimbrial 
antigens in thermolability, anatcnnical location and UabSity to mask 
tile 0 antigm and confer relative scunatic im^utinabilhy. 

The main dififerences between the three types oi K antigen ne: 

L antigens do not combine with L antibodies after heati^ at too** C. 
for one hour, whereas A and 6 antigens retain ags^ntibmbindfiag 
capacity after such treatment 

Strains possessing L or B antigens become O agghitinable after 
heating at 100'* C. for one hour, but those witii A an%cna remain in» 
agafotinalde in somatic antisera after heathy; at 100** C. for two soad a 
Iw hours. 

Ilto antimuciiy of the L is destroyed by beatiiil at 100^ C. foil 

(me how and that of tito A antigens is imfy ledncaa^ 

Tbtfe aid particular difierenoes betwm A md B foatigeili toi 
the one hand, and fimbrial anthem on the others thsae iu» iwanilb 
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hm mot been detected in findniAte gennnu aw9i m yet 

occurs in some non-fimbriate ^pedes, e^g. te{»e dj; fttri^o 

mote, otand /Jandgens ate not street to jn^dicttddevaimkminapi^ 
rnioe and disappearance under diffraent cultural oonditkma. 

TIk X salmonella ant^;eas (Toptejr dc Ayrton, 1924) are very 
aimilar to fimbrial andgens in dtennowbiMty, type of a|^udoadon, 
variabdity in differii^ cultund condidons and in occutrb^ as pte- 
cipidne^ens in the supernatants of cultures heated at 100° C. 

Activity and Stability of Sttyaficial Antigew <f 
EiUerwactma (which may mask the O smtigen) 


Treatmmt of 
bacilli 

Antigem 

L A B H F 

Living or 

0*5 per cent, 
formalin 

!.+ + + + + 

2 . 4 . .j. .f. 

60° C. /I hr. 

1 . J. + + + + 

2 . J. + + + + 

100° C ./1 hr. 

1. - + -~- 

2 . - + + - - 

50 per cent, 
alcohol^ 

20 hr./37® C. 

' , , , , 

1. - + + - X 

2. JL . . + X . . 




-f »unaiifec^; 
X^tediiced; 
X^alnuoftt dimifuited; 

ate abolished; 

, . snot tested* 


Difficulties in Diagnostic Serok^ caused by Fmbrial Antigens.— ^In 
homokgous andserum containing O and iimbrial s^lutinins, the 
agghidnadon of fimbriate bacilli is nuunly due to fimbrud antflxkliei; 
scmiadc ^gludnadon reacdons are obscured, smee fimbrial agglutina- 
tion occurs more rapidly and is loosely flocodar. 

Among the shigellae, fimbriae frequendy occur but twly in Sft. 
flesmari serotypea la, 2a, 2b, 3, 4a, 4b, 5, X and Y ; the fimbrial antigens 
in dtese types are identical, irrespective of Oseroorpe, It k id^poirtete, 
titetd^Ke, Ufhen undertaking i^tification of tihe O aerotype «Mf a 
iSh.>SBmsrfi8ohte,te avoid ^brialagglutinatitei. Tbiscanbeenmired 
by uring badllaty auapenrions tiut sat devoid of fimbriae, otiteC by 
acrid terobte cultivatkm on vydl dried platte te aClete 11004^^ 

dbtee bactlii or by defimbriatii^ the sia^pHiaiao by bteiaiif at lOi)*' €> 
teioared by centrifi^pttioB to liamst the d efiMriutete d teltt. 









la adNrauil 4iti^io«tic lab^HwnQr |»aBeta% k w anfllkdl^ i|3liil mdk 
be ea^aateietc^ t&m t)M? |mKwdtti)e» ol liMoiii ok 
solid media aad sdbcaldvatioa on «g«r setdbgM 

u8ua%enmmti»td%.)(ejam’ieiadMsimn^litidM^^ *r 

An adi^onal safeguard would be like ate of 4u^;iwMio <3l#eK aom 
free from immune and natural fimbrial antibodies; aucb aert be 

prepared by absorption widi a fimbriate euiriite qd of 

heterologous O seioQ^ However^ the use of aueb seta 
ncrt completely answer the problem, since ip. aeaiHfimbriai smlm&en^ 
tion of test suspensions nuuks somaric )^;^tma^n tojf ' gt epl ^ or 
less d^ree. t 

Suspensions used for the preparation of dkgnosfi^ ^,fiesMm anti- 
sera in rabbits must be non-fimbriate; even tiien, since the miyority 
of rabbits possesses E$ch. eoH fimbrial ffiitibodies which may cross^'reaec 
with those of Sh. flexneri, agglutinatis^ aera may contain fimbrial 
antibodies. Tests on pre-immunisation bleedings win allow selection 
of animals whose sera do not contain fimbrial antibodies ; altemativriy, 
the fimbrial antibodies may be absorbed with a fimbriate strain of 
heterologous O serotype. Sera containing fimbrial antibodies for Sh. 
flexHeri do not react with fimbriate strains of Sahnonella, Proteus or 
Cloaca. 

Another circumstance in which fimbriae and fimbrial antibodies can 
cause confusion is in Widal testing of human sera. Fimbrial antibodies 
have been noted in the sera of herithy persons and such sera have beat 
found to react non-specifically in tests with diagnostic suspenrions of 
sahnonellae if the latter are fimbriate; sudi anomalous serolo^cri 
findings are unrelated to the patient’s condition. The use d standard 
agglutinable suspensions which are non-fimbriate or at most not more 
thm poorly fimbriate, will prevent the occurrence of such non<4^iecific 
reactions; salmonella subcultuied firom agar to broth and inodwted 
for six hours show maximum flagellation and minimal fimbriation. 
The source cS fimbrial antibodies in healthy persons may be from the 
commensal Etdi. coS in the gut or as a result of past infoctiona with 
fimbriate Sh.flexmeri or salmonellae. Hie presence of fimbriae in acnie 
TAB suapensbns may esqilam ^ preaffioce of antibodies in imh- 
viduala receiving iiqectiona of TAB vaccines. 

In nddition to direct exammation oi au^ienstotut by dbjmrinr 
microscopy, two other methods of oontioUing productibn ate avaBrible; 
namely, testing for agglutinabilby with pure fimbrial antfoerutn and, 
also, a sim^ haemag^utination test for the presence of fitithrise, 
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ESCHERICHIA COU; HSOmiS 


'tHB members of the ^xterobaderieoese to be ccm^^^ed in iti4 
the fbllowm^ ch^ter have been the subject of jmKlI <lh|Ki|l MM fitt 
as their dasrafiiiation is concerned. Thatiu«dhmisg^venA|leillt^ 


Group or 
Genus 





Features 





Gas 

from 

Glucose 

Motshty 

If&dok 

G^Rtm 

V.-P. 

M.-R. 

Citiate 

Eschenchia 

+ 

+ 

+ 



4* 


Aikslesoens* 








Dispsr 


«. 

4* 

— 


4* 

•* 

Citrobseter 


+ 

— 

— 

— 

4 

4 

Klebsiella 

-h 


«« 

— 

4* 

*• 

4 

Cloaca 

+ 

+ I 

— 

+ 

+ 


4 

Hafnia* 

+ 

+ 





4 


* Kesults when tests sre performed at 20*^ C. (see p. 259). 


ESCHERICHIA COLI 

Morphology ond Suarmg . — Identical with sabnmiella qiectes; moat 
strains are flagellate and fimbnate and a few ciqMulatie. 

CvUured Charaetm , — Generally timilar to salmoaella ^pedea 
althmigb oa. nutrient agar, colonies are rdbtively larger and more 
opaque than tire latter. 

MacConkey’s inedium.-«-Coloiue8 are rose->^pink on aocmiot of 
lactose fermentation. Strains of Etth. eoH grow poorer, if at db OH 
DCA medium on whidi they also produce piak, but amafler and 
opaque oohmies. 

^odumcttl IUactions.-^Th<eae have been i^nraed to in the tiddr^ 
and it will be noted that members of tire genus ik&arae&ja beard chwt 
teaemblanoe to those in the AShcdmm>*iHip» {AS) gtmm oabefif 
that ti|e latter are i^er motile umI never produce gaa hi 
tion rmeiioni; tire two groups are dao doady related aei«ddBito%i 

Am^eme ChtetmUrs.—ui addttkm to O and If a t ^ ^ g whA tili 
nmjerliy’of omimoiilv eiMamntewd EkA. iniat^^ 

The term K anthiien W8etfl!M» cidleetiv^ 

L, A dr R on me haais of phylieal dbatiamdoi', 
anthem wihioh odmn aa envila^ <w 
tionbf liohvstiaiiMibytiiekhoniologaw 

loS ftaa ohbrbtniiWS^ldMicd 

of the K amt tbahr Moodinhhad id ilhnAtMiHNf hiilifidmi 

1 ^A.1 ..I, ^ JumSmAd 

qHjEv kHHhISHChSIhBME!^^ Jaft kBWSSi^K SEwBlBQIflSK ^HIB flMDIwBMLaMlXB SBDBBH^BHHvIhiQK SHGH 













3D MSptCAb 

genus. The {Mthog^chy oi tamf stndns ai eofif k JcdMl to 
the poesession of K ant^^ 

— Esdt. ooR strains piodtnniaste among the aecobtc 
comensal organisms present in the healthy got. Sepokgkal stndies 
have shown Aat the types present ate not o^ numerous at any one 
examination but that over a period of time ooU types flucniate: 

types persist over rdatii^ long jperiods of time, whareas others 
are quite transient (Wallich & Stuart, 1^3; Sears tt a/., 19S0). 

These organisms are also incriminated as pathogens, lliey are 
found most frequeady in pyi^enic infocdotts of the urmary tract 
(pyelitis, cystitis, etc.) either in pure culture or mixed with foecsl 
str^tococd; they also occur in appendix abscess, peritonitis, chole- 
cystitis, septic wounds and bed-sores. 

I l^rot 3 q)e distributi(^ studies (Vahlne, 1945) reveal tfaht strains 
isolated from pathologiod material usually belong to a relattvely few 
O groups and the majori^ are O-inagglutinable due almost ^variably 
to the possession of L antigens; by contrast, strains isol from 
healthy faeces are distributed over many more O grou^ only a 
minority are 0-inagglutinable, and this is due to the presence of ^ant^jen 
in only 50 per cent of such strains. 

In contrast to the finding of numerous O groups of Esch. coU present 
in a specimen of healthy faeces, testing of numerous colonies from the 
urine in a case of cystitis usually reveals that they are all of die same 
O group; such serological homogenei^, although to a less degree, 
is noted also in peritonitis and cases of appmdix abscess. The infec- 
tions mendoned above are of an endogenous nature and the aedoh^ 
role of Esek. coU had long been accept^ before adequate techniques of 
serotyping had been introduced. 

llie suspicion that Esch. coU might also be capable of causing gastro- 
enteritis particularly in infuufy has only been crmfirmed as a n^t of 
recent serolt^c evidence. The pathogenic role of certain coli types in 
infai^l* gastro-enteritis was first emphaused by Bray (1945); this strain 
k BoMv Imown as £!teA. roh' 0 1 1 1 and in common with other enteropadio- 
gome types (e.g. O 26, 0 55, O 119 and O 128) it possesses a B tyM of 
Kantif^. Theantigenicanaly8isofthe8etypesisdis(ms8edonpp.245-46. 

In the veterinary field also, Esdi. tiU is a recognised pathogen; 
careful and protracted studies in Sweden (Wramby, 1948) revested diat 
in calves dymg from “cdi-septicaemia”, compared widi healthy edtees, 
die differmces in type distributirm and the relative frequendtes d 
0-inag^utinabte strains was analogous tq. those in rimilar stndies in 
man {vide suprA). 

Euh. ocM is associated widi the condition of white scours in edtees; 
enteritis in mastitis in cows, uterine infotrions in Idtthei Pod 

occarionri abortion in ewes can also be attrSbuled to tibiSese otgMdMaa. 
Haute’s ^seasfr-^ grsnulomatmis oomBdon wstanWing ttdMredteah 
vm oCcturiiig in poidtry may be caused Iqr etnipintypm 
Ikddauiitoliqgr.---The esaentia% endkigeiiow 
dons euaaed by Etch. eoU has already bedn naendnwsd; 
dangtnoiw iafoction of dm urinary tract ttiqr oeeur^ dm 
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u. iidf navtom ''iMt ^ 

intfdt«iO«4 or ^cn^Nnitie MiieauiiMi^ M «oh4 '/! 

inaMccM tlitt iastrunwias aiajr |ur« been tou^pwed^ stim^imA of v 
intnflSdM! ctre tdan in ike pienipefstive dewtnmg ef tbe pak^i^ .| 
t^e opestttoa; 

In geetro^tetitis, the majority of c^ortod efodemic - 

among under 18 monttis of age; that the {MtdkogeAM^ (oi indk 
£dl^. reft* anniiia is not necettariiy 80 lenzkted ia thoata 
enteritis in adult hoB{ntal patients (McNausht & I^e«eas«i9^i 
of experitnentaUy induced infections in adiilt Mohmteen i^MM*** ^ 
June, 1952; June a of., 1953), wbose sen shovred ^ 

sjped&a antibodies after recovery. 

Axtifidally-fed babies ate much more likdiy to beiirfiacibed than those 
fed naturally; the sources of infection in l»bies ate both cases and 
carriers of &e infection and spread may occur by contaminated fbndfeen. 
Contamination ol the milk>botde oar introduction of the otgamsam 
into the milk-feed during its preparation will ensure in|pstion and if 
die feed has been prepared some hours before, the or^nud inocadum 
will have the opportunity to multiply to a greater or less extent dependr 
ing on the conditions of storage. 


ladiontory Djagnoaia 

In film preparations from pus, urinary sediment, etc., stained by 
Gram’s meAo4 Stch. coH can be recognised as Gram-ncgsrive bacdli 
but indistinguishable from any other member of the EnbaMmacteriacese. 
Spedmena are plated on to blood^-agar and MacConkeir’s medium; m 
the latter, Esdi. oM yields pink, lactose-feimenting coloiuei, and If 
confirmation of its identity is required then the reacdons Haled in the 
table (p. 249) must be tested. 

Iden^fieotim qf gastro-enteriUs-preiumg rtrciw.— *%)ecinitCQa of 
faeces submitted from cases of dismioea alsp be exasdned for 
sakootudlae and shigdlae; since Bkh. coU usually ^ not gmmr m. the 
hidbfy selective DCA medtmn it is essential the tan inh^tiloiy 
ditteiendal MacCkMikey*8 medium shotita also be inoculati^ Aldbod* 
agar plate dmuldsdao be inoailated li^^y nidi faeces siaot), on ocne^ 
sion, i^nndi appears on this medium tshen the rn t tew ^ di o g s t ife 
eoU stnun osnnot be id^dfied on the paraBd 
furdier, it is earner to avoid contemanants whoa sidteultutwig tMbte|ih( 
blood-agar medium. 

Alter ineubadon for 18-24 hours, the blood-aittf mmI MiwCiiiliiBy 
media are examined lor oohmies of ItaA *xM\ mot 
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Sen avaUable from ^ Staiulnrds * 

Polyvalent £tdt eoU aenon cnttaioliis ^eetora O S4$, O 55, 0 111, 
O 119, O 127, O 128, anl tiiek negated S agB^atinb*. 

Bpedfic sen: 026:B6; 055:B5; Oin:B4; 0119:814; 
0 127: B 8; O t2S: B 12. 

A modified MacConJu^ agar medium (RiqtpapOit & Henig:, 195^ in 
which sothftol is subatitutsd Ibr lactpse, has been ttsed fiw the di™w<» 
entiation of serotypes O 55: B 5, and O 111: B 4, sinoe it was eoit- 
sidered th^ feesh isolates of these serotypes did not fetment iorbittd 
and therefore gave pale colcmies on this medium udieteas many a&utx 
Esck. eoti types fermented sorbitol and yielded red colonies; dds 
distinction is by no means comptete, and die only dccumstance in 
whkii sudh a medium should be employed (in addition td the usual 
media) is in the search for further cases and Carrien in m outbreak 
viihrae the epidemic strain has be«i draracterised folly and ia a sorbito! 
non-fermentmg strain. 1 . . . 

Cimnotitorapy. — Since there ia much variation in tfaaseqsitivity of 
Ea:h. coti strains to the commonly employed agents, cheimtherapy 
should whenever possible be guided by an in vitro assessment of ^ 
sensitivity of the particular strain. It should be noted that the presence 
of padiological changes e.g. renal stone, bladder diverticulum, hyper- 
trophied prostate, may prevent the eradication of Esch. coK from the 
urinary tract even although the infection is treated with a chemo- 
therapeutic agent to which the strain is highly sensitive. 

Praphyisais. — ^The prevention of infection by Esch. coU in wounds, 
etc., and in exogenously acquired urinary infectiona depends upon the 
ptoviricm of properly steriHsed dressings and instruments, thorough 
ddbtidement of wounds and preparation of patients and attoidauts 
before operation or wound-dressing. 

The measures taken to prevent the ^read of gastro-enterilu are 
those applicable in ofoer types bowel ittfection. The preparation of 
feeds 1 ^ deansing and sterilisation of feeding-bottles demands con- 
stant care and attention (Report, 1953); the mother must be inittue^ 
m perwmal cleanliness and utg^ to wadi hiN hands before preparing 
a feed. Whenever possible, each feed should be prepared immediately 
before it is required, and if storage of prepared fe^ is unavoiddde 
the cootainer should be carefully wrapped to prevent accyeUtal otm- 
taminatimi and unnecessaiy handling, Soncto form of tmmittd heat* 
treatment of feeds for babies in ho^ital is to be recommended. 


FRQTEUS 

Members the genus Proteus are whkly distributed tiirou|^hioin 
matt’s cttviroament and can be deteOted in sewage, aoM and on muden 
vefstsblea. Th^ am found fo tiw foOMtt of b^ier aaiinala itod tiMia. 
and pqrim present m large iiumberafo&imdtfbcrawditKlt^^ titdr 
lefotioinihtp to varioua disease ' p roc em m is dtm wifo: later. * 
Mor^hgy Md 



'“asa 

($v8i;!ii|t^ iMt niiolie 

^agnSUmi iw 

Cmmtl imdl fKuteatira «tta«Eol>e; |pR 9 liij» |ni& 

at 37** C. Oft o»lin^ nwii^ A itrasig semiml^d^ 
able. C%a«actienMin%, discrete ookieies are seeSL oafy ia das MeljeM 
stages of ^cubatiofi, therealter a dun film nf gmu^ abends 
cokntjrand n^idly q»reads adovHrthe avaihdileSuidioefif tW 
diuing thu 8iH«ading <u svranning pinse, iiM» bacOli ans 
ally kmg and slender and these ace replaced iiy dbort 6miiddm!Ad»e 
surfiM:e of the medium has been covert • 

Swarming tends to occur in successive waves so thiC dltitniMy a 
plate inocubced at one central point shows a series fidieonoentric rii^ 
of thick growth between which there are smooth tranriucent areas td 

spreading growth. Swarming is associated with active motilhyaldurafdi 

its cause is not clearly establiriied; mnHoaotile <rariant8 do not n»ead. 

Biochemical Reactions . — ^All members of the genus fernumt glucose 
but have no action on lactose ; four biochemical types can be recognised 
as indicated in the table. 


Substrate 

Pr, vulgaris 

Pr. mkeAQis 

Pr, morganS 

Pr.retigeri 

Mannitol 


— • 

•mm 

X or + 

MalUme 

+ 


•mm 


Gelatin 

+ 

+ 

mm> 


Indole 

+ 


4* 

+ 

Citrate 

mm0 

M. 

mm 

4* 


Kty: Fennentation mctions; «}-assacid and gas; 

Other reactions: •f »Uque&otion of gelatin, piodnedon of indcde or giqCflh 
in citrate medium. 


It should be noted that, with tite escception of JRr. r^tgeii all speoM 
usualfy produce gss; strains of Fr. rettgeri are ficequentiyanaeixiwnMe* 
The ability of Proteus strains to d^npose urea laplklly has bsm 
used as a test to differentiate tiiem from otiwr enJerolMCteriioeie; 
urease activity is also di^layed by most Klriwdla strains and iqr ItMMt 
strams of Eacherichia and CStrwmter tpeciea> Whilst the abaenieei ad , 
urease activity in salnmnellae and shigdlae i^bwa th«r diatiaoriiiMa 
from Proteus lor diagnostic purposes, * snose usefid and annva apariSe 
test ia file abilhy cl Proteus to ttwmfform phenylalanine th paian|l* 
pyruvic aetd; no otiuurvxnembeis of the &ai% nwhiiahsanin^^ 
possess sudi MfthdQr (HenrScsen, 19$0)« ; t 

Tkt phts^^^ymok add (BPil) maelim* Thia is yiotiM»id» 4 H* 
foHowij i < 

TV (1*5 jiid, of a d en we st^penrion *?'rgiffiiliiii*tii gati* 

add O'S of Sh^ per fwwtt itpwfff) 

add 1 deoo of AMU ooif oSot, idwim fdi and 
0-1 M Sfie yiioaME4iil Inattlwte,^ (iNf 

jMim iieiiMiiiA 
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HjSOt until the colour changes from yellow to pink. Add 
(NHf), SOf to saturate the solutionand then 5 drops of half>saturated 
FeNH 4 (S 04 ) 2 . Shake thoroughly and read the results after one 
minute. Positive reactions are designated + to + + + , depending 
on the intensity of green colouration developing in the fluid. 
Antigemc CharaUers. — A diagnostic antigenic schema for Pr. vtdgaris 
and Pr. mhnAtUs has been established and comprises 49 O groups, 
which can be subdivided on the basis of H antigens to allow 119 sero- 
t 3 rpes to be recognised. Similarly 57 serotypes of Pr. morgami and 45 
serotypes of Pr. rettgeri have been recognised. 

Much attention has been given to the a^lutination of certain 
Proteus types by the blood serum of cases of typhus fever. This re- 
action is employed as a diagnostic test (Weil-Felix reac^n); the 
Proteus strain X 19 which is employed in the reaction is biochemically 
Pr. vulgaris and the reaction is dependent on the specific p antigen 
present in this strain, which has no aetiological relationship to the disease. 
The Weil-Felix reaction is explained on the basis of a comm^ antigen 
shared by Proteus X 19 and the rickettsiae of t3rphus fever (pL 489). 

Another Proteus type designated XK (biochemically Pr. mirabiUs) 
is agglutinated by the serum of patients suffering from the disease 
“Scrub ^hus”, occurring in South-east Asia and the Far East. A 
diagnostic agglutination test similar to the Weil-Felix reaction is based 
on this antigenic relationship. 

Occurrence. — The majority of strains isolated from pathological 
specimens and human faeces are biochemically typical of Pr. imrMis. 
The specific relationship of Pr. tnorganii to summer diarrhoea of infants 
is still in doubt, but it is recognised that, along with other Proteus 
species, this organism is often a concomitant of shigellae, making its 
appearance in the stools as the case improves and the dysentery bacilli 
become scanty. Secondar]^ infection of wounds, bed-sores, etc., is 
probably endogenous in origin; although such a source may account 
for cases of cystitis in which Proteus is incriminated, there are many 
instances in which exogenous infection takes place following diagnostic 
or therapeutic instrumentation. 


Laboratory Diagnosis 

The spreading growth of Proteus strains on media such as blood-agar 
is suflicient for identification in routine diagnostic work; the disadvan- 
tage of this characteristic is that other organisms when present may be 
completely overgrown by the spreading growth and their subcuhtva- 
tion for purpose of identification and antibiotic sensitivity testing 
delayed. Swarming may be inhibited by several methods; discrete 
TOlonies of Proteus can be obtained on a blood-agar m^ium by 
increasing the agar concentration to 4 per cent.; similarly, inhibition 
of swarming may be obtained by incorporating cdiloral h 3 ^drate 
(1 in 500), sodium azide (1 in 5000) or one of the sulphonaroide 
drugs (Holman, 1957). Desoxycholate-dtrate agar inhibits swanning 



PHOVIDSNCIA 


' 255 

and, provided that the other organisms present are capable of grcming 
on ^ medium, its use in allowing sepmtion from Proteus species is 
valuable. 

If necessaiy, the biochemical type of a Proteus strain can be 
determined as indicated in the table (p. 253). 

CAemotA«r<^.~Proteu8 infections, e.g. of the urinary tract, may 
respond to treatment with chloramphenicol, streptomycin and the 
tetracyclines; chemotherapy should whenever possible be {glided by 
in vitro sensitivity tests, since strains vary markedly. As in t^ case c& 
Esch. coK infectioirs, structural or pathological abnormalities impede 
the eradication of organisms and in many instances, although the 
original infecting organism is eradicated, there is often replacement 
wi& some other species. 

Providencia {Proteus incomtans) 

These Gram-negative, motile bacilli are closely allied to the genus 
Proteus; they alone among the Enterobacteriaceae share with Proteus 
species the ability to deaminate phenylalanine although only rarely do 
Providence strains decompose urea, and they never exhibit spreading 
on ordinary agar. They occur in normal faeces and in uriiuuy tract 
infections. Providence cultures may be allocated to one of two bio- 
chemical groups depending on their ability to produce gas from glucose 
and their action on substrates such as adonitol and inositol. 

For details of biochemical and serological characteristics of this 
group the publication of Ewing et al. (1954) should be consulted. 



CHAPTER 19 


OTHER ENTEROBACTERUCEAE 

The Alkalescens-Dispar Group 

In Chapter 16 it was stated that, although a classification of Entero- 
bacteriaceae was essential for practical purposes of diagnosis and 
epidemiological studies, the bioc^mical and serological interrelation- 
ships of members of the family do not allow all cultures to be ass^ed 
to one or other genus. The close relationship of many Arizona strains 
to Salmonella is paraUeled in the case of the Alkalescdns-Dispar 
(A-D) group whose members bear close resemblances, both biochemical 
and serological, to Escherichia ; apart from their lack of fligella and 
motility and tlxeir failure to produce gas in fermentation reactions, 
strains of the A-D group behave very similarly to Escherichia strains. 

It has been shown also that the O antigens of the A-D noup are 
either identical with or bear strong relationships to Escherichia 0 
antigens (Frantzen, 1951); similar findings have been made with 
regard to the K antigens in the two groups. 

Because of this very close similarity it has been recommended that 
any future cultures with the characters of the A-D group should be 
ch^ified as anaerogenic Esch. coU; thus the A-D group will not be 
extended beyond its present limits. 

The first description of these organisms was in 1918 (Andrew^, 1918) 
and their relationship to cases of bacillary dysentery was mooted; both 
Alkalescens (lactose non-fermenting or late fermenting) and Dispar 
(lactose-fermenting) strains occur in normal faeces and ^ir presence 
in cases of enteritis (in whllbh recognised bacterial pathogens cannot 
be found) is regarded as incidental. 


Citrobacter fireundii (Escherichia fireundii) 
(including the Bethesda-Ballerup group) 

Members of this group can utilise citrate and produce HtS ; a further 
feature distinguishing them from Esch. coli is &eir ability to grow in 
Moeller’s KCN medium. Indeed the Citrobacter group are much 
more closely allied, biodhemically, with Salmonelb and Arizona, 
although the inability of the latter group to grow in KCN medium is a 
valuable differential feature. Alt^ugh certain members have bem 
susp^d of causing enteric infections, their aetiologic relationship 
remains to be established. At present the importance of Cit. freundU 
species lies in the fact that many indole negative strains attadt lactose 
slowly, if at all, so that their colonies resemble those of sahnonellae 
shrike. Their motility, however, rapidly resolves any confusion with 
al^Ua ^ains, but numy bear a close resemblance to salmoncQae on 
biodiemical testing; these are the meidbers whidi comprise the 
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Bethesda-Ballerup group and they hare been studied more intensively 
than other Cit. fretmdU species which attadc lactose promptly. 

False-positive reports of salmonella isolations and the delay in 
issuing negative reports attending the establishment of identity of 
lactose non-fermenting Cit. freundii strains on be eliminated by using 
the KCN test; salmonellae fail to grow in this medium whilst Cit. 
freundii cultures flourish. 

Certain extra-generic relationships are recogmsed with O Mitigemt 
of Salmonella and Arizona serotypes, but these need not occasion any 
great difficulty in identification; r^erence to Kauffinann’s (1954) mono- 
graph should be made regarding the serological characteristics of these 
organisms. The fact that the Vi antigen of S. typfd is identical with 
that of a Ballerup strain has already been noted. 

The Genus Klebsiella 

Members of this genus conform to the definition of the family 
Enterobacteriaceae and are, without exception, non-motile. They 
differ from the groups already described in this chapter by generally 
giving a positive Voges-Proskauer reaction and a negative methyl-red 
reaction. The genus includes strains of parasitic and saproph 3 rtic 
origin, some of which are given species designation while others are 
characterised solely by their antigenic formulae. 

Klebsiella aerogenes (B. lactis aerogenes) 

Morphology and Staining. — Gram-negative bacillus varying greatly 
in size — 1-4 ft by O-S-l ft. Non-motile and non-sporing. Most 
strains are fimbriate. Capsulate both in the tissues and in artificial 
culture and produce an abundance of extracellular slime so that their 
colonies are mucoid or viscid. 

Cultural characteristics . — Colonies are large, raised and viscid; 
on MacConkey’s medium the majority of colonies are pink due to 
fermentation of lactose. 

Biochemical reactions . — In addition to the characters listed on p. 249, 
strains usually produce gas in lactose and sucrose. Characteristically, 
strains hydrolyse urea but not with the rapidity or intensity display^ 
by Proteus strains; their lack of motility and inability to deaminats* 
phenylalanine serve to differentiate them from Proteus. A detailed 
account of biochemical reactions can be foxmd in the publication by 
Edwards and Ewii^ (1%2). 

AnUgenic characteristics . — ^AU smooth forms of KL aer^mes possess 
0 antigens; in addition, capsulate, non-mucoid smooth forms possess 
a K antigen; non-capsulate, mucoid forms possess an M antigmi, and 
mucoid and capsulate forms possess both an M and K antigen in 
adffition to an O antigen. Similarly, rough forms may possem only R 
antigens, or in addition one or other or both M and K antigens. It has 
been shown that in any one strain, the M and K antwens are itkmtical 
(Edwards and Fife, 1952; Wilkinson, Duguid and Edmunds, 1954); 
the frequent presence of ffiese antigens and theit m as kitig of O Saad K 

R 
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somatic antigens dictates the use of capsular antisera in typing pro- 
cedures. By this method the genus can be divided into at 72 sero- 
types. 

Occurrence.— The majority of isolations are from saprophytic 
sources such as water supplies. The commonest site in man from which 
Klebsiella strains are isolated and fulfill a pathogenic role is in urinary 
tract infections; such strains are usually of capsular types 8, 9 and 10. 
Other strains occur as commensals in Ae intestinal tract of approxim- 
ately 5 per cent, of healthy persons. 

Two species {Kl. pneumoti^ and Kl. rhinoscleromoHs) can be 
defined within the genus by biochemical activities and a third species 
{Kl. ozaenae), intermediate in biochemical behaviour, may be recog- 
nised. I 

Klebsiella pneumoniae {Friedldnder's bacillus) \ 

This species is responsible for a small proportion (less thin 1 per 
cent.) of bacterial pneumonias ; its importance lies in the hig^ fatality 
(50 per cent, or more) among cases in which it occurs. A 

KL pneumoniae strains belong to serotypes 1 and 2 and have the 
general properties of the genus. 

ESebsiella rhinoscleromatis 

Cultures of this species, belonging to capsular serotypes 3, 4 and 5, 
contrast biochemically vrith KL pneumoniae in being anaerogenic, failing 
to ferment lactose, giving a native V-P and positive M-R reaction 
and not util i zi n g citrate; KL rhinoscleromatis is associated with a chronic 
granuloma, rhinoscleroma, which is prevalent in south-eastern Europe ; 
the bacilli are situated intracellularly in the lesions which occur in the 
mucous membrane of the nose, throat and mouth. 

Klebsiella ozaenae 

Such strains are not confined to cases of ozaena so that its causal 
relationship to the condition is in doubt. Biochemically, KL ozaenae 
strams are intermediate between the Klebsiella species described 
above; they belong to capsule types 4, 5 and 6. 


Species 

Glucose 

Lactose 

V-P 

M-R 

Citrate j 

KL pneumoniae 

+ 

+ 

+ 


+ 1 

KL rhinoscleromatis 
KL ozaenae 

1 

ior + 

lor + 


-f 

4* 

t 

I 1 
+ 1 
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The Genus Cloaca 

^ incorporation of Aero, aerogenes in the genus 
Klebsiella it was necessary to define the position of strains prev^ 
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designated Aefcbacter cloacae. This has been accomplished by resur- 
recting the genus Cloaca, of which Cloaca cloacae is the type species. 

Members of this genus are microscopically indistinguishable from 
other Enterobacteriaceae; they are seldom capsulate and frequently 
motile, flagellate and fimbriate, and their ability to liquefy gektin is a 
further characteristic assisting the differentiation from IQebsiella 
species. 

More definitive studies, both biochemical and serolcmcsl, are 
required to clarify intenelationships with other genera m Entero- 
bacteriaceae. Members of the genus Cloaca are widely distributed in 
nature and are commonly encountered in water and grasses; th^ are 
occasionally isolated in small numbers from normal faeces but are not 
regarded as pathogenic for man or animals. 

The Genus Haihia 

Members of this genus are probably non-pathogenic for man; their 
interest to medical bacteriologists lies in their ubiquity and similarity 
to other lactose non-fermenting Enterobacteriaceae. The temperature 
at which biochemical tests are performed with Hafnia strains has a 
marked effect on the results ; tests of motility and for V-P and M-R re- 
actions as well as various fermentation reactions are variable when 
performed at 37° C. whereas if these are carried out at 20-22° C. the 
results for any one test are uniform. 

In addition to the reactions noted in the table (p. 249), it diould 
be noted that Haffiia cultures invariably ferment glucose and mannitol 
with accompanying acid and gas production, give a positive KCN result 
but do not hydrolyze urea. 
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CHAPTER 20 


PSEUDOMONAS: LOEFFLERELLA 

PSEUDOMONAS 

The genus Pseudomonas comprises more than 140 species but only one, 
Pseudomonas pyocyanea, is pathogenic to man. The other species are 
either 8aproph}rtic in water and soil or are pathogenic for plants or less 
•commonly for animals. 


Pseudomonas pyocyanea 

{Ps. aeruginosa) 

Morphology and Staining. — A Gram-negative, non-sporin^ bacillus, 
measuring 1‘5 /tt by 0-5 /*, actively motile by virtue of polw flagella 
which rarely number more than three; many strains are monotrichous: 
non-capsulate; some strains are fimbriate. 

Cultural characters. — Essentially aerobic but a few strains grow, 
although poorly, under anaerobic conditions. Temperature range, 
5°-43* C.; optimum 37° C. Grows on ordinary media, producing a 
musty odour like trimethylamine. 

Colonies on Agar. — Stroke inoculation produces an abundant, moist 
greenish-blue fluorescent growth; the pigments (pyocyanin and fluor- 
•escin), on which the colour depends, also diffuse tl^ough the med^m 
and are most abundantly produced at room temperature. Individual 
colonies are large, low-convex, with an irregular spreading edge which 
is translucent compared with the dark, greyish centre. Colonies on 
MacConkey’s medium — similar to growth on agar; colonies are pale 
since lactose is not fermented. Some strains give a brovm pigmented 
growth when a third pigment, mpruhti^-is produced; a minority of 
strains appear to be incapable of^y pigment production. 

Biochemical Reactions. — ^Acid is produced oxidatively from glucose; 
none of the other commonly employed sugars is utilised by Ps. pyocyanea 
Gelatin is rapidly liquefied by the majority of strains; growth occurs in 
inorganic media wiA citrate as the sole carbon source. Indole and 
HjS are not produced and the Voges-l^oskauer and methyl-red re- 
actions are negative. In contrast with other common Gram-negative 
rods, Ps. pyocyanea gives a positive oxidase reaction; this fact can be 
used as a rapid identification test particularly in those strains whidi do 
not produce the characteristic pigments (Kovacs, 1956; Gaby & 
Hadley, 1957). 

Ant^emc characters. — Difiiculty in differentiating between fii^ellar 
and somatic antigens has delayed the introduction of serotyping as s 
me^od of dividing the species for epidemiolo^ purposes; phage 
typing may be of value in recognising “types” of Ps. pyocyanea (Gould 
A McLeod, 1960). More recently a method of typing dependent on , 
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pyocine prcKlu<^on, analogoiu to colicine typing of Sh. nm$m, has been 
found reliable in epidemiologic studies (Govan, 1964). 

PaAt^autts, — Ps. pyocyenea is frequently present, althou^ in small 
numbers, in the normd intestinal flora of men and animalB and tfams can 
be isolated from sewage. It is also found on healthy human skin. As 
a pathogen it is usually associated with pyo^nic cocci or with a member 
of the family Enterobactenaceae. It is sometimes incrinunated in urinary 
tract infections and is introduced by catheterisation or other diagnostic 
or therapeutic instrumentation; it is commonly found in infected 
wounds and bums and in chronic otitis media. A^te purulent menin- 
gitis may follow accidental introduction of the organism during lumbar 
puncture or after cranial injury. 

Infection is usually locsdised but in infants or debilitated persons it 
may invade the blood stream and give rise to fatal generalised infection; 
this risk is greater in persons receiving antineoplastic drugs or in 
radiation therapy. 

Animal j^thogenicity . — Subcutaneous injection in rabbits, guinea- 
pigs ^d mice produces fever and local abscess formation. Death is 
associated with the intravenous injection of large doses in these animals. 

Chemotherapy . — This organism has vied with members of the genus 
Proteus in its resistance to antimicrobial agents; some strains are 
sensitive to streptomycin and chloramphenicol; however the poly- 
myxins seem at present to be the agents of choice. Colistin mefliane 
sulphonate (“Colomycin”) is particularly effective (McMillan et al., 
1962 ). 


LOEFFLBRELLA 

The genus Lo^erella comprises for medical purposes two species, 
Loefflerella mallei and LoefflereUa pseudomallei', both species are essenti- 
ally parasitic on animals and only occasionally pathogenic to man. 

Loefllerella msdlei 

{ActinabacUIus mallei) 

The causal oiganism of glanders, a disease of equines which has^ 
been eradicated from Britain but still occurs in Eastern Europe and 
various parts of Asia. In horses, two types of lesion occur and are 
named “glanders” proper and “farcy”. In glanders, nodule formation 
starts in &e nasal septum and adjacent parts and is attended by profuse 
caturhal discharge; ultimately, the nodules break down and give rise 
to irregular ulcerations. The term “farc^” is applied to the affection 
of superfidal lymph vessels and glands seen espn^y when iiffection 
has occurred tl»ough the skin, frequmtly via abrasicms from the rubbing 
of the harness; the lynq>h vessels become irregularly thickened nod 
corded and are spoken of as “fart^ pipes”. The disease may occur in 
otan as a result of direct inoculatkin of a skin abrasitm or wmiad by 
discharges from an infected animal. 
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badto witkVounifcd endi, 1-5-4 ^ ^ 04 ^ PfcomoilJlll^ m- 
volution forms occur in old cultuM. Gr*ni-negaftv^ non-ino^^ 
non-sporing. In the tissues it often stains irregularly with a beaded 

****tt^^/ CAaraciers.— Aerobic and facultatively anaerobic; tempera- 
ture range C. with an optimum of 37° C. Grows on ordinapr 

media containing serum or blood; colonies are approximately 1 mm. in 
diameter after 24-48 hr., white in colour, semi-transparent and later 
became more opdque and yellowish. Colonies are often viscid. Diffi- 
cult to isolate in primary culture although adjustment of culture media 
to a slightly acid reaction (pH 6-6) enhances ^wth. 

Pa&ogenesis and Epidemiology. — Glanders is an infective granu- 
loma with a marked tendency to suppuration. It is essentially a disease of 
horses, asses and mules, and is only occasionally transmitted to man, 
usually by direct infection from an animal source. Undv natural 
conditions the usual mode of transmission appears to be ing ption but 
infection by inhalation can also occur. Carnivora in capti'^ity may 
become infected from feeding on the carcases of infected anim;' ' 

In acute and subacute glanders in animals, ulcerating nodules occur 
in the nasal mucosa and later in the lungs and internal organs. The 
bacilli are present in considerable numbers in all lesions, situated for the 
most part extracellulary. Latent infections are not infrequent in 
animals and have also been observed in the human subject. 

In human glanders, the infection usually originates in the skin (e.g. 
wound, abrasion, etc.), more rarely in the mucosa of the mouth Or nose. 
The bacilli are found in the local inflammatory lesion and spread via 
the lymphatics, producing an acute lymphangitis. Ultimately a pyaemic 
condition results with secondary foci in which the bacilli are numer- 


Experimental Inoculation. — Guinea-pigs are markedly susceptible, 
and after subcutaneous injection die in a week or two with generalised 
lesions, as in acute animal glanders. If a male guinea-pig is inoculated 
intraperitoneally, the tunica vaginalis is rapidly invaded, and, externally, 
swelling of the testis is noted (Straus reaction). 

Laboratory Diagnosis. — Films are prepared from the pus, discharge 
from sores, etc., or from nodules in internal organs, found at post- 
mortem examination; these are stained with methylene blue and by 
Gram’s method. The appearance of beaded Gram-negative organisms 
corresponding to the glanders bacillus is suggestive. 

Cultures are made on a Loeffler serum slope and on blood agar; 
if a mixed growth results, pure cultures are obtained from single colonies. 

In all cases the nature of the infection must be confirmed by animal 
inoculation. A male guinea-pig is injected intraperitoneally with the 
pathological material or the isolated culture; in two to three days an 
enlargement of the testis results, and the animal subsequently dies, 
showing the lesion of acute glanders. If the inoculum contains a large 
ntraber of offier orgasms, it may be iutroduced by suboitaneous 
injection. The organism can then be recovered from the enlarged 
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regional glands and tested further by intraperitoneal bjection of pure 
cultures. 

Agglutination and complement-fixation tests can also be uaed b 
the diagnosis of glanders b horses. 

Mallein is a preparation from the glanders bacillus anaiogotis to 
tuberculb; when boculated into the skin or subcutaneously a positive 
delayed reaction has proved to be of value in the diagnosis of infection, 
particularly in horses. 

Loefflerella pseudomallei 

(Bacillus tohitmori; Pseudomonas pseudomaUd) 

This is the causative organism of Melioidosis — a glanders-like 
disease occurring b Indo-China, India, Malaysia and parts of the East 
Indies ; a few cases have also been described b the United States. The 
disease occurs as an epizootic among rodents; rats seem to be the most 
important source of the infection b man, and the contamination of food 
with their excreta may be an important method of transmission. Ex- 
perimentally the disease can be transmitted by the rat-flea. 

The organism is similar to the glanders bacillus but is motile and 
grows well in gelatin at 20“ C., liquefying the medimn. The Amelia 
are polar and 1-4 b number. Growth on agar may be mucoid or dry 
and corrugated, and on potato a brown coloured growth similar to that 
of Loeff, mallei is produced. Other distinguishing features are that 
Loeff. pseudomallei is oxidase positive, grows on MacConkey’s medium 
and does not produce HjS. Susceptible animals such as the guinea-pig 
and wbte rat may be infected experimentally, and a Straus reaction 
occurs in the male animal similar to that produced by Loeff. mallei. 
Loeff. pseudomallei is serologically distinct from Loeff. mallei. The 
organism is resistant to high concentrations of penicillm, streptomycb, 
chlortetracyclbe and chloramphenicol. 

Ordinarily the disease develops b man as an acute pulmonary 
infection followed by blood-spread to the viscera, the development of 
miliary abscesses and death. There are relatively few cases of chronic 
melioidosis described, and most of these have survived what was prob- 
ably an acute phase of the disease. Other cases are pyaemb with ^ 
cutaneous eruptions which may last for two to three months before 
death. 
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CHAPTER 21 


CHOLERA VIBRIO AND ALLIED ORGANKMS 

VIBRIO CHOLERAE (V. COMMA) 

ViMo cholerae, or the comma bacillus, is the causative organism of 
Asiatic Cholera, a disease now more restricted in incidence and distribu> 
tion than formerly whereas infection with the El Tor variant is becoming 
widespread in Asian countries. It is characterised by an acute gastro- 
enteritis of sudden onset and often running a rapid and fatal course, the 
patient becoming acutely dehydrated, acidotic and shocked within a 
few hours. \ 

Morphology and Staining. — Curved or “comma-shined’ ' rod (vibrio) 
with rounded or slightly pointed ends, about 1-5-3 fi by 6-5 /*. In 
stained mucous flakes where the rods lie parallel, they have been likened 
to fish in a stream. The vibrio is actively motile, and the movement is 
of a “darting” type due to a single long terminal flagellum. In liquid 
cultures the vibrios occur singly, in pairs, or in chains end to end with 
the curves alternating, i.e. presenting a somewhat spiral arrangement. 
“S” forms and spirals representing elonpted undivided single cells 
may be noted. Involution occurs readily, especially in culture, and 
globular, club-shaped or irregular forms may be observed. V. cholerae 
is Gram-negative and non-sporing. ' 

When the organism had been growing in artificial culture for a time, 
the morphology becomes less typical and the curvature of the vibrios 
is less pronounced. 

Cultural Characters. — Aerobe; slight growth also occurs under 
anaerobic conditions. Temperature range, 16‘’-40° C.; optimum, 
37° C. Grows on ordinary media. An acid reaction is inhibitory, but 
abundant growth occurs on alkaline media; the optimum pH is 
about 8-2. 

Colonies on agar (12-24 hours): moist, translucent, regular disks, 
1-2 mm. in diameter, showing a characteristic bluish colour in trans- 
mitted light. Colonial variants include opaque, mucoid colonies, ring 
colonies, and rugose colonies with dry, corrugated appearance. S-R 
dissociation is not readily detected from colonial morphology alone. 

Gelatin stab — ^at first there is a whiteJine of growrii along the track 
of the inoculating wire; then liquefaction occurs at the top and spreads 
downwards in funnel-shaped form. 

Coagulated serum is liquefied. 

VuMity. — V. cholerae is killed at 56“C. within 30 mins. It dies within 
two or three hours when subjected to drying. In stagnant water 
with an alkaline reaction the organum may survive for a considerable 
period, e.g. 5-10 days or longer, but it probably does not multipfy to 
any extent in such waters. It is sensitive to sulphrmamides, strepto- 
mycin, chloramphenicol and the tetracyclines. 



VIBftlO CHOLERAS MS 

Biocheiiocid Jfeflrtiow.—’Ilbe fennentative reactions after 18*20 hoots 
incubation are as follows:-- 


Glucoi* iMtifte JMdUd Sucrou Mannitol Meitote Mannou JhxAittou 

J. 

(X^acid; no gas) 

Cholera-red reaction— this depends on the production of indole 
and nitrites and can be elicited by adding a few drc^s of su^hnric acid 
to a 24 hours’ peptone water culture. A reddi^-pink colour develops, 
due to the formation of nitroso-indole. 

Haemolysis — ^the classical V. choUrae does not lyse dieep or ^at red 
blood cells and thus differs from many other vibrios, inclumng the 
El Tor vibrio, which also give a strong Voges-Proskauer reaction. 
Nonhaemolytic vibrios may, however, produce a greenish clearing in 
blood-agar media, due probably to a chemical alteration of the haemo- 
globin. 

The original test for haemolysin (the Greig test) was carried out by 
using mixtures of 72-hour alkaline broth cultures and 5 per cent, wadied 
goat er 3 rthrocyte 8 incubated for 2 hours at ZTC and the result read after 
standing overnight in the refrigerator. Because of discrepant results 
with various modifications of the original test, Feeley and Pittman 
(1963) have recommended the following procedure in order to obtain 
more uniformity: — 

0'5 ml. of a 24-hour heart infusion broth (commercial dehydrated 
medium, pH 74) culture (grown at 35° C. in a 16 mm. x 150 mm. tube 
containing 10 ml. of medium) is mixed with 0*5 ml. of 1 percent washed 
sheep cells. The mixture is incubated for two hours at 35°-37° C. and 
held overnight at 4° C., after which it is read for the presence of haemo- 
lysis. 

Antigemc Characters . — For practical purposes the cholera vibrio 
may be regarded as a homogeneous species, and unknown strains can 
be identified by testing their agglutination reaction with an antiserum 
for a known V. chokrae. 

The organism possesses both H and O antigens. The H antigen 
may be shared with certain other vibrios, though these organisms am 
distinct as regards their O antigens and are sometimes called non- 
agglutinating vibrios. This serological difference is best donmistrate^ 
with bacteiM suspensions made up in plain saline solution (without 
formalin). The El Tor strains (p. 269) possess the same H and O antigens 
as the classical cholera vibrio. 

Within the serological subgroup represented by the dasnbil 
cholerae and with a common O anti^, serologiod types can be recog- 
nised, distinguished by agglutinin-absorption tests with O antisera; 
this difference dep<mds on a subtirUary O antigenic con^ponent 
teristic of ^ type. Two sudi €yp^ teoognuMKl and desig- 

nated according to the names of standard strains ’’Inaba" and “Opam. 
It is ponflble that a third type, ‘^Hikojima”, abo exists, p o ssessi r ^ tibe 
characteristic con^nents of botir die djove-montioned types. 
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Transformation of a V. ckolerae strain to the “rough” form is asso- 
ciated with loss of the specific O anti^. 

Pathogenesis. — Typical cholera is an acute disease of sudden onset 
characterised by profuse watery diarrhoea, vomiting, muscular cramps 
and extreme collapse. 

The vibrios multiply freely in the lumen of the small intestine and 
are present in large numbers in the intestinal contents and dejecta. 
The stools contain many white flakes consisting mostly of mucus and 
some epithelial cells — ^the “rice water” stool. Tlie organism does not 
penetrate deeply in the bowel wall and practically never invades the 
blood stream. The gall-bladder may be infected. 

The older concept that the profuse diarrhoea was related to a transu- 
date of fluid through a denuded intestinal mucosa does not seem to be 
tenable since (a) biopsies of the bowel epithelium of affected patients 
show an intact mucosa; {b) the bacteria-free cholera stools contain less 
than 0*1 gm. of protein per 100 ml. of fluid, whereas a transudate would 
contain 20 times that amount; and (c) when iodine-tagged polyvinyl 
p)rrrolidone (PVP) was injected intravenously in cholera patients there 
was no greater PVP content in their stools than in those of control cases. 

Stupes by Phillips and others (see Phillips, 1963) on the patho- 
physiology of cholera indicate that the fluid loss is isotonic and that there 
is excess loss of bicarbonate and potassium so that rehydration should 
be effected by intravenous normal saline and bicarbonate solutions 
(added separately) in the ratio of 3: 1. It has been postulated that the 
excess loss of fluid from the bowel is due to a metabolite of the cholera 
vibrio which acts as an inhibitor of the transport of sodium ions by the 
intestinal mucosal cells — the so-called “sodium pump.” A thermolabile 
inhibitor has been demonstrated in cholera stools. 

Experimental infection with F, cholerae may be produced in baby 
rabbits (10-12 days old) following either oral adminstration or injection 
of a small dose into the lumen of the small bowel. Profuse diarrhoea 
with dehydration and death follows a short incubation period of 12-18 
hours (Dutta and Habbu, 1955). 

Injection of a culture of V. cholerae into isolated loops of the small 
bowel in adult rabbits or guinea-pigs causes a rapid outpouring of fluid 
into the loop followed by haemorrhagic necrosis of the bowel epithelium 
(De and Chatteijee, 1953). 

^udemiology. — The Bengal basin, with the deltas of the Gangesand 
Brah^putra rivers, is nowadays the principal area where cholera exists 
endemioilly throughout the year. 

During the nineteenth century, pandemicsof cholera spread east and 
west from this endemic area and involved many countries in Asia, 
Europe, Africa and America. In the present century there has been a 
steady contraction in the affected area until only India and East Pakistan 
have had annual epidemics, although outbreaks have occurred in recent 
years in Egypt (1947), Thailand (1958-59) and Nepal (1958). Then, in 
1961, cholera due to the El Tor vibrio, which had been confiiusd to 
endemic foci in the Celebes, began to spread to other parts of Indonesia 
and in the past few years outbreaks have occurred in Hong Kong, 
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Macao, tlw Philippines, Korea and, more recently, in S.E. Asia 
Clinically, infection due to the £1 Tor vibrio is indistinguishable from 
cholera due to V. chol 0 rae; epidemioh^cally, although outbreaks may 
be less explosive, it has similarities in its attack on under^nourislied 
people living under insanitary conditions; the same quarantine 
regulations and control measures are applicable. 

In the Bengal basin the maintenance of endemic foci of classical 
cholera probably depends on case-to-case infection in an insttiitary 
environment. The ii^ection flares up and becomes epidemic in the early 
spring, reaching a p^ in Bengal in April-May just before ^ monsoon 
season. Spread of infection is probably facilitated by the large water- 
storage tanks vrluch are used as laundry, bathing pool, etc. as well as 
water-supply. The alkaline reaction of these tanks favours survival of 
V. cholerae. Extension of cholera inland from the endemic area depends 
on human movement and large outbreaks have been associated with 
fairs and religious festivals. Contamination of water supplies by cases 
is the greatest single source of epidemic spread, but caae-to-case infec- 
tion by contamination of fomites, food, etc., presum^ly occurs. 
Transient carriage during convalescence may continue for one to three 
weeks and symptomless contact carriers occur but chronic carriers are 
very rare. 

Bacteriophi^e typing . — Recently Mukerjee (1963b) has introduced a 
system of classifying V. cholerae strains into five types (1-5) according to 
their susceptibility to four groups (I-IV) of freshly isolated cholera- 
phages. This typing method has obvious epidemiological uses in tracing 
the epidemic spread of cholera; unfortunately, most of the strains of 
F. cholerae in West Bengal belong to only two t 3 pes (1 and 3). 


Laboratory Diagnosis 

In a wet preparation of the liquid stool, examined under dark-ground 
illumination, the vibrios may be seen darting about like a *‘swarm of 
gnats.” They are quickly immobilised by the addition of the specific 
antiserum and with this technique, a rapid diagnosis can be made in 
over 80 pet cent of the acute cases (Benenson, personal communicatioa). 

Where there may be delay in the transmission of stools to a laboratory 
for examination, a preserving fluid has been found valuable in maintoin- 
ing the viability of the vibrio and preventing overgrowth by other organ- 
isms. 

Premving Fluid . — ^Prepare the stock solution as follows: — ^Dissolve 
12 405 grams boric acid and 14*912 grams potassium chloride in 800 ml. 
hot dialled water; after cooling make up tl» volume to a litre with 
distilled water. To 250 ml. of stock add 133*5 ml. 0*2 M sodium 
hydroxide, make up the volume with distilled water to a litre, and add 
200 grams dried sea-salt {vide nfra). Filter the sedutum through paper, 
distribute in 10 ml. amounts in screw capped bottles and autoclave. 
'I'he final pH should be 9*2. Emulsify 1 to 3 grams of the stool in 10 nd. 
^f the pteservii^ i^d. The following mixture may be substituted for 
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sea-salt: NaCl 27 grains, KCl 1 gram, MgC4,6HgO 3 gr^s, 
MgS0g,7H80 1-75 grams. 

Cultural Methods. — (a) A plate of tellurite-gelatin-agar (Monsur’s 
medium, Chapter 47) is inoculated directly from the stool, and incuba- 
ted for 18-24 hours. This medium is highly selective for vibrios, inhibi- 
ting the growth of most odier intestinal bacteria. Alkaline nutrient agar 
(pH 8*2) may also be used and gives successful results. 

{b) At the same time a tube of peptone water is inoculated with a 
mucus flake from the stool, or, in the case of a fluid faecal stool, with a 
large loopful of the specimen. The peptone water used contains 1 per 
cent, peptone with 0*5 per cent, sodium chloride, standardised to pH 9*0, 
The tube is incubated for six to eight hours. Within this time vibros, if 
present, grow freely and at the surface of the medium, and even ou^ow 
other intestinal bacteria. I 

The peptone water culture is examined by means of a stained film 
made from a drop of the surface layer of the culture: a large loopfiil is 
placed on a slide and, without spreading, slowly dried at roonl tempera- 
ture; the film is then fixed by heat, and washed in a stream of water to 
remove the dried peptone particles which stain deeply and obscure the 
organisms; the preparation is stained with dilute carbol fuchsin for 
one minute and examined microscopically. At the same time a handing- 
drop preparation may be examined; at the edge of the drop, vibrios are 
easily detected by their characteristic morphology and darting motility. 
If vibros are present, a sub-inoculation is made on the selective culture 
medium. If no vibrios are detected, a sub-inoculation is made into a 
second peptone water tube ; this tube is incubated for six to eight hours, 
and film from it is then examined as in the case of the primary culture. 
If no vibrios are detectable in the second peptone water culture the 
result may be regarded as negative. 

Pure cultures are teste4 for the fermentation of lactose, sucrose, 
mannose and arabinose, the VP reaction and haemolysis. Finally, a 
specific O-antiserum is used for the agglutination test. An otherwise 
typical strain that does not agglutinate in the specific serum should be 
tested with an antiserum for rough vibrios. Inaba and Ogawa types 
are diagnosed by absorbed monospecific sera. Differentiation from the 
£1 Tor vibrio depends on haemolysin production, YP reaction, phage 
sensitivity and other teste (vide mfra). 

Isolation of Vibrio choUrae from Water. — 100 ml. of a sterile alka- 
line (pH9*0) 10 per cent, solution of peptone containing 5 per 
cent, sodium chloride are added to 900 ml._ of the water specimen, which 
is then distributed in sterile stoppered fla^ or bottles. These are in- 
cubated, and sub-inoculations are made (from the surface growths) 
on a sel^ve medium after 24 and 48 hours, as in the method desoibcd 
for the illation of V. cholerae. A larger quantity of water may be tested 
by filtering it through a Seitz disk or membrane filter and by using the 
disk as the ino^lum for a peptone water culture. 

Pzo^ylaxis. — Cholera vaccine has been used in the prophylaxis of 
the disease. The vacxine may be prepared from a 24-hour culture on 
nutrient agar, the bacterial suspension being killed by heat and standar- 
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dised to 8000 million organisms/ml. Two doses eadb. of 1*0 ml. are 
given at m interval of seven days; protection is believed to last for 
four to six months. The establishment and maintenance of purified 
water supplies which are free from the risk of contamination by cases 
or carriers eliminates the greatest single mode of spread of this disease. 
As a temporary expedient, wells and ston^e tanks may be treated with 
hjrpochlorite or other chlorine derivative. In the absence of r safe 
supply, all water for personal and culinary use must be boiled. Miaeial 
waters and ice supplies must be carefully supervised. The rapid 
elimination of vibrios from the stools of cases treated wifii a sui^le 
antimicrobial drug e.g. tetracycline reduces the duration of infectivity 
and such treatment may help to diminish community spread. 

El Tor Vibrio 

The El Tor vibrio was first isolatedfromunaifectedpil^rims returning 
from Mecca and although it resembles V. cholerae in its cultural, 
biochemical and serologi^ characters, it was originally regarded as a 
non-pathogenic variant because it was detected frequency in water and, 
like other water vibrios, gives a positive Voges-Pros^uer reaction. 
Then it became known that localised outbreak of cholera due to an 
organism of the El Tor type were occurring in Celebes and when infec- 
tion began to spread more widely the pathogenicity of this vibrio was 
accepted. Its main differences from V. cholerae are ( 1 ) the production of 
haemolysin although this property may be inapparent on primary cul- 
tures and persistently non-haemolytic variants do occur; (2) all strains 
are resistant to most cholera phages and in particular to cholera phage IV 
to which classical V. cholerae is always susceptible (Mukerjee, 1963a); 
(3) El Tor strains alwa)rs agglutinate fowl cells whereas freshly isolated 
V. cholerae does not; (4) El Tor strains give a positive V-P reaction. 
Other reported differences like suspension instability are not absolute. 


Other Vibrios 

Certain species of Gram-negative vibrio have been described in diseases of 
animals, e.g. V, fetus, V.jejmd, V. colt and V. metchnihovi. 

V. fetus occurs in abortion of sheep and cattle, and can be isolated from the * 
placenta and a^ from the foetus. The organism varies in length, the short 
forms being conuna-diaped, the longer individuals exhibiting two to four 
coils. It is relatively slender and shows a flagellum at one or botii ends. This 
organism is micro-aerophiUc and has been cultivated on agar ^pes in ^ed 
tubes containing in the condensation water a few drops of sterile defibrinated 
horse blood. When ^t cultivated growth may only develop between the 
agar and the wall of the tube; after repeated subculturir^ a surface groVrth is 
obtained. 

Under natural conditions cattle are infected during insemination; on the 
other hand, sheep are most probably infected from contnoinated food and 
water supplies. Gagnons di^peodstm the iariiriondt the organism frooi the 
stonmch contents of the aborted foetua or from uterine exudMea. Non* 
pathogenic attaina teaembling V, fetm have been iariated from bovine 
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genitalia, e.g. Vibrio bububu; auch strains are not to be confused with V. 
fetus, since unlike the latter they do not form catalase, they produce HS^ 
and are strict anaerobes. 

Chemotherapy. — Streptomycin, chloramphenicel and the tetracyclines 
are of value and may also be used in the treatment and stora|;e of bull semen. 

V.jgtmiim been described in an infectious diarrhoea (“winter dysentery”) 
of cows in America. It is a Gram-negative vibrio with a flagellum at one or 
both poles and, although similar to V. fetus in other respects, it is serologically 
distinct. 

V. coli, an organism closely resembling V. fetus, is causally related to a 
form of dysentery in young pigs. 

V. metchmkovi was first isolated from a septicaemic disease of fowls. It 
resembles closely V. cholerae in general biological characters, ] 
serologically, and in its high virulence for guinea-pigs, pigeons i 
a minute amount of culture introduced intramuscularly or into a 
wound produces in these animals a rapidly fatal septicaemia. 

Various other vibrios have also been described. These are mostly water 
forms. In certain parts of India, vibrios are regularly present in unprotected 
wells and rivers. These may present some similarity to the cholera vibrio 
but are serologically distinct and they occur in areas where cholera is not 
endemic. Many of them correspond to the vibrios described in paracholera 
though such water vibrios are apparently non-pathogenic. Certain water 
vibrios exhibit in culture marked phosphorescence, e.g. V. phosphorescens. 
Vibrios have been isolated from a variety of other sources, e,g. from sputum 
(V. sputigerms), from cheese (V. tyrogenus), from intestinal contents in “Cholera 
nostras” (V. proteus — Finkler and Prior’s spirillum), and from infections in 
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SPIRILLUM MINUS 

A causative organism of r^t-bite fever. Though often described as 
a spirochaete, this organism conforms in its biological characters to 
those of a spirillum, and the name Spirillum minus is generally used. 

It is a short spiral organism about 2-5 n in length and relatively 
broad, with regular short coils numbering one for each micron of the 
length of the organism. Longer forms up to 10 ft may also be observed. 
Thu organism is very actively motile, showing darting movements like 
those of a vibrio. Movement is due to terminal flagella, which are 
variable in number — ^from one to sevoi at each |>ole. In moving, the 
organism itself remains rigid and shows no imdulation. It can be 
demonstrated easily by dark-ground illumination in fresh preparations, 
in which its active movement is seen and its^flagella are also observed. 
It is most readily stained by a Romanowsky stun {e.g. Leishman’s), but 
can also be stained by the ordinary aniUne dyes. The organism has 
probably never been cultivated successful^. 

In rat-bite fever the spirillum may be demonstrated in the local 
Imcm, tlw regional lymph glands, and even in the blood, either by 
direct mioroscopic methods {pide supra) or by animal inoculatiiHi. 
Guinea-pigs, wlute rats and mice are susceptible to infection: the 
spirilla appear in the peripheral blood and can be detected by dark- 
ground illumination. Guinea-pigs develqi a progressive disease and 
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die of the infection. The intra-peritoneal inoculation of human infec- 
tive material in mice is followed by no sign of disease; spirilla appear in 
the blood after five to fourteen days, but always in very small numbers. 
If the spirillum cannot be detected microscopically in Ae local lesion, or 
if the original bite-wound has healed, an enlarged lymphatic gland may 
be punctured by means of a hypodermic syringe; “gland juice” is 
aspirated, and investigated by direct methods or animal inoculation. 

Spirilltm minus occurs naturally in wild rats and certain othtir wild 
rodents, producing a blood infection. Conditions similar to rat-bite 
fever have also been reported following the bites of cats and ferrets. 

Pathogenesis. — It should be noted that at least two different specific 
infections may result from rate-bite and may be designated clinically 
“rat-bite fever”, the condition due to Spirillum minus (described above) 
and that produced by Streptobacillus momliformis (p. 291). The former 
presents a highly characteristic clinical syndrome: a relapsing febrile 
illness with a local inflammatory lesion, enlargement of regional lymph 
glands and a macular skin eruption, all these lesions fluctuating in 
parallel with the temperature. Spirillum minus has been demonstrated 
by direct examination in the local lesion and glands, and even in the 
blood of cases. Infection by Streptobacillus momliformis is likewise an 
acute or subacute febrile condition and may be associated with a skin 
eruption {e.g. erythema multiforme), but involvement of joints, even 
resembling the polyarthritis of acute rheumatism, is a feature of this 
illness. It seems likely that the two conditions have been confused 
with one another in the past. 

Spirillum minus infections respond to treatment with the tetracyclines 
and penicillin. 



CHAPTER 22 


PASTEURELLA 

The Pasteurella family constitutes a group of closely related, bio- 
chemically inactive, Gram-negative rods showing bipolar staining. 
Members of the group are associated with plague in man and acute and 
chronic systemic infections in a wide variety of animals and birds. 
One of the first members to be studied was the bacillus of fowl cholera 
which Pasteur used in his early work on immunity. 

PASTEURELLA PESnS 

This is the organism of Oriental Plague, which has beemone of the 
major pestilences of the world, with rats as the main reservoir and the 
flea as the intermediary between rodent and man. Typically, pe severe 
forms of illness {Pestis major) occur either as hubomc pla^e or as 
pneumonic plague. In these cases there is a sudden onset with high 
fever, great prostration and varying degrees of delirium, with usually 
an associated septicaemia. There is also an ambulatory form {PestU 
minor) in which the patient is only mildly pyrexial, with some lympha- 
denitis and a vesicle or pustule at the site of the flea bite. 

Morphology and Staining . — In its most characteristic form this 
organism is a short, oval baciUus with rounded ends — i.e. cocccfbacillary 
— about 1-5 /X by 0-7 fi, occurring sii^ly and in pairs. In the tissues a 
typical capsule may be observed; in cultures grown at 37° C. capsular 
material can be demonstrated by means of India ink preparations, but 
it is not well-defined. ^ 

The organism is Gram-negative, and when stained with a weak 
stain (e.g. methylene blue) shows characteristic bipolar staining which 
is an important feature in identification. 

In culture the plague bacillus is less typical. Longer forms are 
frequent, and polar staining is less obvious. Pleomorphism is marked 
especially in old cultures, and involution or degeneration forms are 
particularly noticeable. These are markedly enlarged, stain faintly and 
include globular, pear-shaped, elongated or irregular forms. In fact, 
the microscopic picture of an old culture often suggests that of a yeast 
or mould. Involution in culture can be hastened by the presence of 
3 per cent, sodium chloride, and this has sometimes been utilised in 
identifying the organism. 

In fluid culture the bacilli tend to be arranged in chains. 

The organism is non-motile and non-sporing. 

Cultural Characters. — P. pestis grows aerobically and anaerobic- 
ally on ordinary culture medium. The optimum temperature of the 
ph^e bacillus, unlike most other pathogens, is bebw 37° C., and 
primary cultures grow best at 27° C. The minimum temperature is 
about 14° C. 

The plague bacillus is somewhat sensitive to free oxygen and growth 
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may not develop under aerobic conditiona if the inoculum is small; this 
inhibition can be avoided die addition of blood or sodium sulphite 
to the medium or by the exclusion of air. 

Colonies on agar are at first very small, transparent, white, circular 
disks (1 mm. or less), later becoming larger (3-4 mm.) amd t^aque; 
they are not specially characteristic. 

In older cultures some of the colonies may have ou^rown the odiers 
and become more opaque. This gives the appearance of a mixed growth. 

In broth, growth consists of a granular deposit at the foot amd on 
the side of the tube, not unlike that of a streptococcus. If cultured in 
a flask of broth with drops of sterile oil on the surface, and provided the 
flask is not subjected to shaking or movement, a characteristic growth 
develops, consisting of "stalactites” hanging down into the fluid from 
the oil drops. 

Viability . — The thermal death point is about 55° C. for 15 minute. 
The organism dies quickly when subjected to drying. Laboratory 
cultures remain viable for months if kept moist and at low temperatures. 

The risk of laboratory infection of staff handling pathological 
material and cultures is considerable, and all manipulations should be 
carried out with the utmost care. 

Biochemical Reactions . — 

Glucose Lactose Dulcitol Sucrose Mannitol 
± - _ J. 

^ ss: acid; no gas) 

Indole is not produced. 

Milk medium is unaltered: P. pestis does not liquefy gelatin. 

The organism grows on a bile-salt medium such as MacConkey's 
(cf. other members of the Pasteurella group). 

Antigenic Characters . — It has been shown that P. pestis contains two 
types of ant^en, one somatic and heat-stable, the other heat-labile at 
100° C. and associated with the capsule which is formed in cultures 
growing at 37° C. The capsular antigen may be of importance in 
relation to the immunising properties of P. pestis vaccines; thus, a 
killed vaccixie prepared from cultures grown at 37° C., in vduch capstdar 
material is well developed, has greater immunising properties in mice 
than one from cultures grown at lower temperatures, e.g. 25°-30° C., 
as in the preparation of the Haffldne plague vaccine which has been 
extensively used in India. On the other ht^, the somatic or "residue” 
antigen is important in the protection of guinea-pigs. A mm-toxic 
complex of antigenic fractions can be prepared which immunises both 
mice and guinea<p^ (Kei^ie, Clocking & Smith, 1958) and may j^ve 
useful as a protective vaccine agdnst plague. Strains of P. ^ttis are 
serologically homogoieous. 

Atmnal Pathtgvntri^.-^The bacillus is pariu^^enic to tats, 

guinea-pigs and other rodents, and plague is esseatiBUy an epiaootin 
^sease among wild rats and certain other rodent animals. Aguhiea-pig 
m white rat injected subcutaneously with a recendy isokM culture 
8 
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dies in a few days» and at autopsy a marked local inflammatory condition 
is noted, with necrosis and oedema; the related lymph glands are idso 
involved ; the spleen is enlarged and congested and often shows small 
greyish-white areas in its substance; there is also septicaemia. The 
characteristic bacilli can be seen in lai^e numbers in films from the 
local lesion, lymph glands, spleen pulp and heart blood. A similar 
condition is found in rats dying of epizootic plague {vide infra). 

Marked local and genei^ toxic effects can b^e produced in animals 
by injection of dead cultures, but a true exotoxin is not produced. The 
'^toxin’* can be released by lysis of the bacterial cells and from it a 
toxoid can be prepared; its relationship to the pathogenicity of the 
plague bacillus is doubtful. 

Pathogenesis. — In bubonic plague the bacilli are inoculat^ by a bite 
from an infected rat flea (see below) and there is an incubanon period 
of 2-8 days. The organisms may then be present in relatively small 
numbers in the blood stream but they are largely localised in the regional 
lymph glands (usually the inguinal group as the leg is most Commonly 
the site of inoculation) where they give rise to progressive swelling of 
the lymph glands and periglandular tissue. The resultant^ mass is 
referred to as the primary bubo. There is intense inflammation, and 
plague bacilli are initially present in large numbers' in the bubo. 
Secondary buboes may develop in other lymph nodes. Haemorrhages 
occur in the bubo and there is subsequent necrosis, with reduction in 
the number of plague organisms locally present until they may dis- 
appear. If the case is septicaemic, however, the bacilli gain success in 
large numbers to the blood stream and an intense septicaemia precedes 
death in fatal cases. In primary septicaemic plague there is insufficient 
time for marked involvement of lymph nodes. Post mortem the organ- 
isms are found in the spleen. 

In pneumonic plague these is a pulmonary focus of infection with a 
fulminating haemorrhagic bronchopneumonia. The bacilli are present 
in the bronchopneumonic areas in the lung and they occur in large 
numbers in the sputum which is highly infectious in this form of the 
disease. 

Epidemiology. — ^Plague is epizootic in rats and certain other rodents. 
The infection is spread by rat fleas (e.g. Xenopsylla cheopis). The 
occurrence of bubonic plague in man is due to transmission of the 
infection from rats by Ae rat flea. The mechanism of trans- 
mission is briefly as follows: the flea sucks blood (containing plague 
bacilli) from an infected animal; the bacilli multiply in the stomach and 
proventriculus, which may become blocked with bacillary masses; when 
the insect again bites and sucks blood, regurgitation takes place from the 
blocked proventriculus into the bite wound, and so inoculation results. 

The time during which the bacilli survive in a flea and the insect 
remains infective depends on temperature and humidity. A tempera- 
ture of about 50® F. (10® C.) and a high degree of humidity have been 
found to be the most suitable conditions. A temperature over SO® F* 
(27® C.) is unfavourable. 

Pneumonic plague is communicated from person to peracm by 
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infected droplets from the respiratory passag^. This form of the 
disease may be initiated from cases of tmbonic plague in which the 
organisms localise in the lung and produce a pneumonic lesion. 


Laboratory Diagnosis 

Bubonic Plague , — ^The bubo is punctured with a hypodermic syringe 
uid exudate withdrawn. From this material films are made and stained 
with methylene blue and by Gram’s method. The appearance of the 
characteristic bacilli showii^ bipolar staining is highly suggestive. 

Cultures are also made on blood agar, and single colonies are sub- 
cultured. The resulting growths are then available for further in- 
vestigation. 

Some of the exudate should also, if possible, be injected sub- 
cutaneously into ^guinea-pig or white rat. If plague bacilli are present, 
the inoculated animal will die, showing at autopsy the appearances 
described above. 

The cultures obtained may be tested as regards biochemical re- 
actions, involution on 3 per cent, salt agar, chain formation in broth, 
and stalactite growth. The cultures can also be used for further animal 
inoculation experiments. 

Pneumonic Plague . — The bacilli can be detected microscopically in 
the sputum, and for identification should be isolated in pure culture as 
in dealing Muth material from bubonic plague. 

In carrying out animal inoculation with sputum, other virulent 
organisms may be present {e,g. pneumococcus); instead of injecting 
subcutaneously, successful inocuktion with the plague bacillus can be 
effected by applying the material to the nasal mucosa, or to a shaved 
area of skin. 

In septicaemic plague, the bacillus can be demonstrated and isolated 
by blood culture. 

There may be racial prejudices against obtaining material for 
laboratory examination port mortem. If excision of buboes, liver, splem, 
bone-marrow or lung tissue is not allowed, samples may be obtained 
for culture or animal inoculation by needle puncture (Pollitzer, 1954). 

Chemotherapy . — ^Tetracyclines have given spectacular results even^ 
m pneumonic plague, which, if untreated, is invariably fatal. Chlm- 
amphenicol, streptomycin and sulphonamides have also been found 
effective. Irrespective of the agent employed, therapy must be insti- 
tuted early in die disease and continued for at least ten days if relapses 
are to be avoided. 


Prt^ylaxis. 

Plague vaccines have been widely used for prophylactic purposes. 
The preparation known as HafFkine's vaccine » a h^4dl}^ culture 
^f P. pestis grown for 4 wedrs at 27° C. in digest fartMiL Phenol^ 0*5 
per cent, is adddl as a preservative. Two doses of 1*0 and 24) ml. »re 
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injected subcutaneously at an interval of seven to tra days. Tlie 
protective value of this and other killed vaodaes is in doubt. 

Living non>virulent cultures have also beoi employed as vaccines 
and seem to give a good degree of protection. 

Rodent control on an organised and permanent basis combined with 
flea destruction will do much to eliminate epizootic conditions. The 
need for personal protection of medical and nursii^ persoimel, par- 
ticularly those caring for cases of pneumonic plague, is vital and entails 
the wearing of protective clothing, masks, etc. Such persons may be 
given immediate temporary protection with anti-pl^e senun. 


Diagnosis of Plague Infection in Wild Rats 

At autopsy the following appearances are noted: — enlamement of 
lymphatic glands, with periglandular inflammation and oed£na, most 
frequently in the cervical glands owing to the fact that the nrck is the 
common harbourage of fleas; serous effusion in the pleuru cavity; 
enlargement of the spleen, which may show small white arew in t^ 
pulp; congestion and a mottled appearance of the liver; congestion and 
haemorrhage under the skin and in the internal organs. 

Films are prepared from the heart blood, the glands and spleen, and 
stained by Gram’s method and with methylene blue. Cultures should 
also be made, and the isolation of the organism attempted by the usual 
methods. Guinea-pigs should be inoculated subcutaneously with an 
emulsion of the splenic tissue. In rats found dead of plague it may be 
difficult to demonstrate the bacilli microscopically or to isolate them in 
culture. Carcases in a state of decomposition may be heavily con- 
taminated with other organisms which render the microscopic examina- 
tion confusing and isoktioR difficult. Inoculation of a white rat or 
guinea-pig, by smearing the nasal mucous membrane or a shaved area 
of skin with material from the lesions, should be carried out. Differ- 
entiation of P. pestis and P. pseudotubercuhsis is important. 


OTHER ORGANISMS OF PASIEURELLA GROUP 

The plague bacillus is only one species in a biological group, 
Pasteurella, which includes at least three /pedes of veterinary import- 
ance, namely Pasteurella multocida (syn. P. septica), Pasteurella haemo^ 
lytica and Pasteurella pseudotubercuhsis. These organisms and P> pedis 
are all similar in morphology and staining reactions, but they differ in 
certain features induding their parasitism and virulence to different 
animal species. 

Pasteurella multocida {PasteureUa septiea) 

Straim of this organism have been generally named in the past according 
to the animal from whidi they have been isoktra (P. bomtptkOi P. ems^dea, 
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p. mcida, etc.), but they are now redded as members of the same species, 
p. Mtdloc^, differing in their parasitic adaptations to particular hosts. 

P. nuitodda cai^ haemorrhagic septicaemia, transit fever and mastitis 
in cattie; pneumonia with septicaenua in pigs; septicaemia and snuffles in 
rabbits; fowl cholera and septicaemia in poultry. Characteristic bipolar 
staining is exhibited by the organisms which are present in the blood and 
tissues. P. nrnltodda differs from other members of the genus in certain 
cultural and biochemical details (see table, p. 278). 

Antigenic Characters, — Strains from different sources can be divided intO' 
five types by cross-protection tests (Hudson, 1959). 

Pathogenicity. — ^There are conflicting reports regarding poisible relation- 
ships between colony t 5 ye, nature of colony fluorescence and type of en- 
capsulation of P. multoctda strains and their virulence. 'Hie organism may 
be carried by apparently normal cattle, sheep, swine, dogs, cats and rats. It 
may also occur in the upper respiratory tract of healthy persons associated 
with anin^s. P. multocula freshly isolated from haemorrhagic septicaemia 
in cattle is usually highly pathogenic for mice and rabbits but not so for 
ducks and chickens. Fowl cholera strains are equally pathogenic for mice, 
rabbits, ducks and fowls. 

Cases of human infection by P. multocida occur, especially in septic 
wounds following cat or dog bites (AUott et aL, 1944; Coghlan, 1958). 

Pasteurella haemolytica 

This organism, which may occur in longer and filamentous forms on 
culture, causes narrow zones of haemolysis when grown on ox- or sheep- 
blood agar, but the production of wide outer zones of partial haemolysis in 
addition to the typical narrow zone of complete haemolysis has been reported 
when strains are grown on i^r plates containing blood of young lambs 
Smith, 1%2). P. haemolytica occurs in the upper respiratory tract of healthy 
mimals and is generally regarded as a seconds^ or opportunist invader when 
issociated with serious disease in animals. It has been isolated from pneu- 
nonic lungs of cattle and sheep and it may produce a form of septicaemia in 
ambs. In contrast with P. multocida, P. haemolytica is virtually non- 
pathogenic for rodents. 

Urease-producing organisms otherwise resembling P. haemolytica have 
been isolated from human sputum (Jones, 1%2). 

Pasteurella pseudotuberculosis 

This is the causative organism of pseudotuberculosis in guinea-rags, 
turkeys, rats, rabbits and other animals. The organism has also berai isolated * 
from birds. It might be confused witii P. pestis if isolated from wild rats, 
but can be distinguished by its motility when growing at 22^ C. P. pseudo^ 
tuberculosis is very similar to P. pestis in many respects, however, and differ- 
entiation may not always be straightforward (Wilson & Miles, 1955). 

Antigenic Characters. — Five different serolt^cal types (ff P. pieHds- 
tuberculosis have been recognised by agglutination reactions (types I-V). Hae 
organism possesses three antigenic constituents: a flagellar, a Q^ie-qiecific 
^matic, and a common somatic antigen. The common sonnatic aimgen, 
which is shared by alt five types, is the Mine as tiie somatic antigeai of P. 

There is also an antigenic relationship bet w een P. ^eudat a ber c sdo m iypt U 
and lY and certain sumondlae of grra^ B and D reqieotivefy. 

The following table shows how P. pitHt, P. sipises, P« haemo fyUeo and 
pteudsOsAeradetis may be diffenentiatra i 
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In freshly isolated culture P. pestis can be differentiated from P. pseudo- 
iuberculosis and other PasteureUa organisms by adding very small unocula 
i(from dilutions of the culture) to rabbit-blood agar and incubating ati37° C.; 
P. pseudotuberculosis grows well in 24 hours while P. pestis develops slowly at 
this temperature, small colonies appearing only after 48 hours u the 
optimum temperature for P. pestis when freshly isolated is 27 C.® \ 

Pathogenicity. — Pseudotuberculosis in the guinea-pig is associated with 
yellowish caseous foci in the liver, spleen and mesenteric lymph nodes. \ The 
natural infection is thought to occur by ingestion and is usually chronic. 
Pseudotuberculosis may be introduced into guinea-pig colonies via green 
food contaminated with the excreta of infected wood pigeons (Paterson & 
Cook, 1963). 

Human infection with P. pseudotuberculosis has been generally re- 
garded as rare. A few cases of a septicaemic typhoid-like illness have 
been recorded. A more benign iiffection involving the mesenteric 
lymph nodes is apparently more common and may be mistaken for 
acute appendicitis (Mair et al,, 1960). 


PASTEURELLA TULARENSIS 

This organism is classified by some workers with the Brucella family 
because of its growth requirements, its biochemical behaviour and its 
serological relationship with that group. It is also, like the Brucella, 
highly pathogenic for laboratory workers handling cultures of the 
organism. However, in its ecology as an animal and human parasite 
and its possible transmission by insects, it comes closer to the PasteureUa 
group and is included in this family in Bergey,’s classification. 

The organism is a small Gram-negative cocco-bacillus not usually 
exceeding 0-7 p in length and 0-2 p in width, with a tendency to ple^ 
morphism in artificial culture. It stains best with dilute carlral-fuchsin 
and shows bipolar staining. It is present in large numbers as a capsul- 
ated organism in the spleen and liver of infected animals. Its occurrence 
in lai^ numbers inside cells in these organs has suggested that it may 
multiply as an intracellular parasite. P. tularensis cannot be cultivated 
on orduuuy media. Cultures can be obtained, however, on a medium 
consisting of pure ^-yolk, on blood agar or serum agar containing a 
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piece of sterile rabbit spleen, and on horse-serum ^ar containit^ 
0-1 per cent, cystine and 1 per cent, glucose. 

In the Western States of America it produces a plague-like disease 
(tularaemia) in wild rodents {e.g. rabbits, hares, ground-squirrels, etc.). 
The lesions are not unlike those found in plague-infected animals, and 
this infection has to be considered, therefore, in the diagnosis of plague 
in animals. The disease has also been observed in Japan, U.S.S.R., 
Yugoslavia, Norway and certain other parts of Europe. Various todents 
and other wild animals may be infected. 

This infection is transmissible to man as a result of hamUing in- 
fected animals {e.g. rabbits and hares) or laboratory cultures. A 
prolonged febrile illness results, sometimes with glandular lesions 
and ulcers of the skin. The serum of infected persons agglutinates the 
organism. It may be noted that the serum of cases with Brucella 
infections may contain agglutinins for P. tularensis. For diagnostic 
purposes guinea-pigs or mice may be inoculated with exudate from the 
glands or ulcers. 

Infection is abo spread by ticks and other bitii^ arthropods, and 
P. tularensis has been cultivated from ticks. The disease is sometimes 
apparently water-borne; thus, water-rats may be infected and con- 
taminate water by their excreta. 

The tetracyclines can be used in the treatment of the infection. 



CHAPTER 23 

BRUCELLA 


The generic term Brucella is applied to a group of Gram-negative 
bacteria which are essentially pathogens of animals, notably goats, ^eep, 
catde and pigs. In cattle the infection frequently results in outbreaks of 
abortion (contagious abortion). They also cause brucellosis (undulant 
fever, Malta fever) in man through his accidental contact with the dis- 
chai^es of infected animals or through the consumption of their milk 
or milk products. Three different species are recognised which though 
identical in morphology and staining reaction ^er in thdr host 
prelection, in certain cultural characteristics and in the amount of the 
two antigens which are common to all three. They are Br. abortus 
which occurs mainly in cattle, Br. melitensis in goats and sheep and Br. 
suis in pigs. The host-parasite relationship, however, is not aq^lute 
and both man and the domestic aninuds are susceptible to infect^n by 
all three species. There is evidence that in some European countries 
hares and other rodents act as important sources of infection to domestic 
livestock, especially to swine, and dogs may sometimes be responsible 
for spreading infection in herds of sheep (Biberstein & Cameron, 1961). 
In addition to the three main species there are a few atypical Brucella 
types whose characteristics do not fit into the normal pattern of any 
one of them. 

Brucellae are able to grow intracellularly and tend to localise in 
lymphatic tissue, liver, spleen, bone-marrow and other parts of the 
reticulo-endothelial system. The presence of erythritol, a substance 
which stimulates the growth of virulent brucella strains may account 
for the predilection of these organisms for placental tissue of goats, 
sheep, cattle and pigs causing a placentitis which may lead to abortion 
of pregnant animals. Human placental material on the other hand does 
not contain erythritol and human abortion due to brucellosis is rare 
(Williams, Keppie & Smith, 1962). 

Each of the three species is path(^enic to man. The infection may 
reinain latent or cause a variety of syrmptoms, the intensity of which 
varies from severe to subdinit^. A chronic condition may devdop, 
lasting many years and involving many parts of the body. The most 
characteristic manifestation in the acute phase is an intermittent fever 
(undulant fever). Of the three species, Br. mUtensis appears to be the 
most virulent and tends to cause un dulant fever more frequently than 
the other two. 

All tyrpes have the following characteristics in common: 

Morphoh^ and Staining. — Gram-negative cocco-bacilli, usually 
app^rii^ as round or oval forms about 04 \i in diameter. Definite 
bacillary forms (1-2 fi in length) may be observed. The organisms 
occur singly, in pairs, or even short chains. 'Hicy are non-nuwe and 
non-sporing. Small capsules are sometimes present. 

Cultural Characters. — ^Aerobic; optimum ten^eratuze, 37® C» The 
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brucellae best on media enriched vdth animal protein sudi as 
serum or liver extract. Colonies on in primary growth may not 
appear for two or three days; they are small smooth traceparent 
vnthout special characters, a^ut 1 mm. in diameter but increasing in 
size to 2-3 mm. 

Gelatin stab — a delicate line of growth alor^ the track of die in- 
oculating wire, with little or no surface growth. No liquefaction ooobzs. 
Potato medium— after several days a characteristic chocolate-brown 
growth is produced. 

VuMUty . — temperature of 60® C. destroys brucdlae in ten 
minutes and they we readily killed in milk by pasteurisation. They are 
moderately sensitive to acid and tend to ^e out within a few days 
in fresh cheese undergoing lactic acid fermentation. They may survive 
for a number of days in butter made from infected milk. The organisms 
are very sensitive to direct sunlight, but if protected from it they may 
persist in dtist or soil for two to three months and in dead foetal material 
for even longer periods. They are susceptible to sulphonamides, 
streptomycin, the tetracyclines and chloramphenicol. 

Biochemical Reactions . — ^Although carbo^drates are utilised, bruc- 
ellae produce insufficient acid or gas to be demonstrable by the ordinary 
methods. 

Animal Pathogenicity . — Laboratory animals may be experimentally 
infected, the guinea-pig being the most susceptible to small inocula. 
The infection is not usually progressive and Ae guinea-pig nonnally 
recovers spontaneously although infection by Br. meUtensis may be 
fatal. If the animal is killed a^r six or eight weeks the lymph nodes 
in the region of the site of inoculation are often found to be swollen, 
the spleen may be greatly enlarged and engorged and necrotic areas 
are seen in the liver and spleen from which the organisms may be 
cultured. Agglutinating antibodies are detectable in the serum. 

Differential Teats for Brucella 

The three main types of Brucella differ in certain characteristics 
which form the basis for their classification. These are as follows: 
(I) carbon dioxide requirement; (2) production of hydrogen sulphide; 
(3) sensitivity to certain dyes; (4) urease activity. 

1. Carbon Dioxide Requirement. — ^When cultivation is attwnpted 
directly from the animal body, Br. abortus requires an atmt^here con- 
taining 5-10 per cent, of carbon dioxide. This can be obtained by 
placing the inoculated tubes or phtes in an air-tig^t jar or tin and 
generating carbon dioxide within foe container. Alter continued 
cultivation, however, the organism may be grown in foe ordinary atmos- 
phere. On the ofow hand Br. m^ensis and Br. sms can be grown 
without foe additkm of carbon dioxide even in primary culture. Br. 
nelitensis may benefit from foe gas, but some strains of Br. sms may 

inhibited by it. Bang origibally cultivated Br. abortsis by jpre- 
parii^ shake cultures in tubes ^ serum agar, the ookmiea damdc^u^ 
best in a zone just bdbw the surfitee of foiB mediuan. Thii ia to 
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the fact that in zone the partial pressure of carbon dioxide is at 
an optimum for the growth of ^e organism and the conditions are still 
aerobic. The reason for the effect of carbon dioxide in promoting 
growth of Br. abortus is not fiilly understood. 

2. Production of Hydrogen Sulphide. — Both Br. abortus and Ameri< 
can strains of Br. suss form sulphuretted hydrogen (the latter more 
markedly and for a longer period). This can be detected with lead 
acetate paper (filter paper soaked in 10 per cent, lead acetate solution is 
dried, cut into strips 8 cm. by 0*5 cm., and stored in a stoppered tube 
ready for use). One strip is inserted into a tube containing a serum 
dextrose agar slope culture and held in place with the cotton-wool 
stopper. The paper is examined daily and renewed as soon as it be- 
comes blackened. Br. meUtensis and Danish strains of Br. stds, do not 
produce HjS. 

3. Inhibition by Dyes. — Br. meUtensis, abortus and suss ha^p been 
differentiated by means of media containing 1 : 25,000 basic fuchsin 
and 1 : 50,000 thionin respectively. Br. meUtensis is not inhibsed to 
any extent by these dyes, Br. abortus is typically inhibited by thionin, 
not by fuchsin, whereas Br. suss is inhibited by fuchsin but nbt by 
thionin (see Table, p. 283). Methyl violet, 1 : 50,000, and pyronin, 
1 : 100,000, give results similar to those with basic fiichsin (see table). 

These dye-sensitivity tests can be carried out in the following ways: 

A. Cruickshank’s method. This method is useful in laboratories 
where an occasional strain is examined. 

Sterilised strips of filter paper (6 by 0-5 cm.) are impregnated with 
the dye solutions, dried and stored for future use; the following con- 
centrations have been found satisfactory: thionin 1 : 600, basic ^chsin 
1 : 200. The strips are placed in parallel on the surface of a plate of 
liver-infusion agar and then covered by pouring the same medium 
(melted) over them to form an* additional layer. Stroke inoculations 
from cultures of the strains to be tested are made at right angles to the 
strips. After incubation in 5-10 per cent, carbon dioxide for two to 
three days the results can be determined as follows: if the organism 
resists the dye it grows across the strip; if sensitive, growth is iidiibited 
for some distance (up to 10 mm.) from the strip. 

B. Huddleson’s Method recommended 
by the FAO/WHO Brucellosis Centre, 
Weybridge, England.— Useful for frequent 
examinations or researdi purposes. 

Each dye is added to serum dextrose 
agar at 50° C. to give a final a)ncentration 
in each case as follows: basic fuchsin 1: 
25,000; Thionin 1:50,000; Methyl Violet 
1:50,000; Pyronin 1 : 100,000. The two 
latter dyes may be useful but are not 
normally used. 

Fig. 18. gjjch dye-agar mixture is poured into a 

Petri dish and allowed to solidify. Suspensions of the unknown strains 
in the smooth phase are inoculated on to a quarter irf each plate, five 
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strokes being made, commencing from tte edge and working inwards 
without re^argit^ the loop so that the smallest inoculum is made 
nearest the centre (see diagram). Known strains are induded ol 
controls. By usii^ five inocula of different sizes there is 1^ l^elihood 
of unsatisfartory results deriving from an inoculum which is either too 
large or too small. The plates are inoculated in an atmosphere of 
10 per cent. COj for five days. 

4. Urease Activity. — ^Another useful differen ti al test, though one 
of limited value unless correlated with other tests is afforded by the 
urease activity of Br. abortus and iSr. suis. One ml. of a buffered 5 per 
cent, urea solution (pH4) containing phenol red as an indicator is 
inoculated with a loopful of a 48-hr. culture of the unknown strain 
grown on a solid medium. The tubes are incubated at 37° C. in a water 
bath and reading made after 15 min., 30 min., 1 hr. and hourly there- 
after until a pink colour develops indicating a positive result. In 
general Br. abortus requires 2 hr. or more for the pink colour to devebp 
whereas Br. suis gives a positive result in 15-30 min. Br. meUtensis on 
the other hand gives variable results sometimes resembling Br. abortus 
and sometimes Br. suis. 
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Damth atrauu of Br. sttu are similar to the American strams but do not produce HfS. 


Antigenic Characters. — Br. meUtensis. abortus and suis show a very 
close biological relationship. Direct agglutination tests with antisera 
fail to distinguish between ^em. Agglutinin-absorption tests, however, 
elicit a difference between Br. meUtensis on the one hand and Br. abortus 
and Br. suis on the other; but the two latter cannot be distinguished 
serologically. This difference in antigenic constitution is quantitative 
rather than qualitative. Thus, the d^ee species possess two similar 
antigenic constituents A and M though in different proportions, one 
constituent being dominant in Br. meUtensis (M), while the other 
predominates in Br. abortus and Br. suis (A). 

For the practical identification of the two serological types of 
Brucella, agglutinating sera absorbed with the heterologous orguusms 
respectively are used, the absorbing dose being adjusts according to 
the titre of the serum so that the minor agglutinin is removed without 
substantially altering tibe major agglutinin. These abso^ed sera are 
™>ono8pecific and ap^utinate only strains in which the particular antigen 
is dominant (Ham^n & Hardy, 1950). 

Fmdttb».--While typical, virulent bmoellae produce cdMss that 
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are smooth and transparent, growth on laboratory media results in 
mutation to a rough of colony with a corresponding loss of vinil*- 
ence; mucoid colonies may also appear. The organisms also change 
antigenically so that they are no longer readily agglutinated by homo- 
logous sera. Rough variants are recognised by their ability to ^glut- 
inate in acriflavine solution (demonstrated by the slide-agglutination 
test). It has been suggested that the susceptibility or resistance of an 
individual animal may be determined by the presence or absence of 
factors in the serum which suppress rough variants thus favouring the 
more virulent smooth types. Resistant individuals do not have this 
serum factor and the smooth to rough (avirulent) mutation readily 
occurs (Jawetz, Melnick & Adelberg, 1962). 

Epidemiolo^. — In the Meditteranean littoral and islands; a con- 
siderable proportion of goats are infected with Br. melitensis and most 
of the infected animals excrete the organisms in the milk, in thc^aginal 
mucus and in the urine, thereby disseminating the infection. Certain 
types of sheep are susceptible to Br. melitensis and in France, the 
Middle East and the U.S.S.R. these animals also constitute reservoirs 
of infection. Cattle too may carry the organism. In those coimtries 
cases of brucellosis occur mostly in the rural population, among persons 
who come into contact with infected animals and their carcases or 
drink unpasteurised milk or consume freshly made butter and cheese 
prepared from infected milk. Br. melitensis infection of cattle has been 
reported in Great Britain, but there have been no overt cases of human 
infection traced to them. The strain is now considered to be a type 
of Br. abortus (Type S). 

Br. abortus which causes brucellosis mainly in cattle in many parts 
of the world is responsible for human infection through contact with 
infected animal discharges or through consumption of infected milk. 
The disease occurs mostly in farming communities and among veterin- 
arians and butchers, and in these circumstances where it is mainly an 
occupational disease the incidence is highest in adult males. Although 
Br. abortus may occur in a considerable proportion of samples of un- 
pasteurised market milk, the incidence of human brucellosis due to 
the consumption of milk appears to be relatively low. Latent infections 
may however occur and subcUnical infections remain unrecognised. 
In Great Britain Br. abortus is the only type responsible for human 
brucellosis as far as is known. In spite of fairly widespread vaccination 
of cattle, which has reduced the incidence of clinical abortion, the 
infection is still endemic and milk is now a major source of infection. 
Since the disease is now no longer predominantly an occupational one, 
women and children feature more in the total number of diagnosed 
cases than previously. 

Human brucellosis due to Br. suis is almost entirely an occupational 
infection arising through contact with infected pigs or pig meat. It is 
more limited in its distribution, occurring mainly in America although 
outbreaks have been reported from other pig-^rearing countries. R 
ten<k to be more virulent for the human subject than Br. aberfyss^ but 
strains isolated from animals in Denmatk are avirulent for man. 


mi 
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The brucdlae enter tiie body throng abraded skin aurfacea, through 
the mucous membranes of the alimentary and respiratory tracts and 
sometimes through the conjunctiva. They enter the blood stream by 
way of the regioiud lym^hatus and 8ubsequ<mtly loodise in various 
pa^ of the reticulo-endothelial system where they multiidy intra- 
cellularly and produce granulomatous nodules. Surviving organisms 
within these granulomata may cause relapses. 

Infection among laboratory workers handling cultures of Brucella 
is not imcommon; it may occur by inhalatum or via the conjunctiva 
or abraded skin. 


Laboratory Diagnodb in Man 

Blood cultures should be carried out repeatedly on all suspected 
cases but are not likely to be positive in more than 30-50 per cent, of 
cases. It is not necessary to limit the tests to the febrile phase and 
at least 10 ml. of blood should be withdrawn as the organisms may be 
relatively scanty. In the case of Br. melitensis the organisms may 
sometimes be isolated from the urine. Blood cultures should be carried 
out in duplicate in glucose-serum broth, one of eadi pair being in- 
cubated in 10 per cent, carbon dioxide. Subcultures on to solid media 
are made every few days and characteristic colonies looked for. The 
broth cultures should be retained for as long as six weeks before they 
are discarded as negative. Br. melitensis and Br. suis are more readily 
isolated in this way than Br. abortus. Castaneda’s method for blood 
culture may be more successful. 

Castaneda's Method of Blood-culture in Brucella Infection . — Three 
per cent, melted agar is allowed to set on one of the narrow sides of a 
120 ml. flat rectangular bottle with a perforated screw cap; 20 ml. broth 
are then added. 5 ml. of blood are mixed with the broth and the mix- 
ture is allowed to flow over the agar. Carbon dioxide is introduced 
by a needle through the perforation in the cap to yield a 10 per cent, 
concentration. The bottle is incubated in the upright position, and 
the agar surface is examined daily for colonies; if no colonies are seen 
m 48 hours the blood broth is allowed to flow gently over the agar 
by suitably tilting the bottle, which is again incubated in the upright 
position. If Brucella is present in the blood, colonies can usu^y be 
observed within a week. 

A positive agglutination reaction may be elicited after seven to ten 
days from the onset of the illness. Serum dilutions from 1 in 10 to 
1 in 1,280 or more should be tested against carefully sta n da r dised 
antigens obtained from FAO/WHO brucellosis centres. Tests are 
incubated at 37° C. for 24 hours and recorded as follows: 

+ + 4- + (complete agglutination and sedimentation, i.e 100 per 
cent, or water clear). 

+ + + (about 75 per cent, clearing or nearly complete t^lutina- 
tion and sedimentation). 

4- + (about 50 per cent, cle^ng and marked sedhnmtatkm). 
+ (about 25 per cent, clearing and distinct sedimentation). 
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A more dilute antigen suspension as used by the Public Health 
Lidmiatories in England gives agglutination titres of a somewhat higher 
level than the standard antigen r^erred to above. The results of tests 
with the two antigens are o^erwise comparable. 

In some cases of brucdlosis, the serum ag^utinates the brucella su»* 
pension in high dilutions, e.'g. 1 in 1000. On the other hand low or 
apparently negative results, e.g. less than 1 in 80 may be given by sera 
from individuals showing clinical evidence of infection. Further tests 
may reveal a rising titre and be more conclusive. Very rarely a positive 
blood culture has been obtained in a clinical case showing a negative 
agglutination reaction. With chronic brucellosis the titres may fall 
during the active period and be absent even when the patient is still ill. 
The complete absence of agglutination therefore does not rule put the 
possibility of infection. 

The sera of some individuals contain a substance which prevents or 
“blocks” agglutination of brucella organisms by specific aggludnins. 
False negative reactions may occur when such sera are tested for 
diagnostic purposes. This may result in a promone up to 1 in oW) in 
high titre sera. The substance is heat-labile and can be completuy or 
piutially inactivated by heating the serum at 55° C. for fifteen to thirty 
minutes. Other methods of obviating this “blocking” effect in dkg- 
nostic tests have also been described, e.g. by using an anti-human 
globulin serum, as in the Coombs test for rhesus antibody (Wilson 8e 
Merrifield, 1951) or by using 5 per cent, saline as a diluent in the 
agglutination test. 

It should be noted that sera from persons without characteristic 
^mptoms may agglutinate brucellae in low dilutions. This may be 
due either to a latent or to a past infection. Agglutinins for brucella 
organisms may be present in the serum of persons who have been 
immunised against cholera. Ot^er non-specific agglutination reactions 
may be due to the use of suspensions of rough strains of brucellae. 
After recovery from brucellosis the antibody level falls fairly rapidly 
to low levels. 


An International Standard Aati-Brucella abortus Serum containing 
low Units of antibody per ml. is obtainable from FAO/WHO brucel- 
losis centres. It has been recommended that results of ^glutination 
tests should be stated as fractions of the titre obtained when the same 
method is applied to test the International Standard Serum. For 
example, if die techni<;|ue used results in a titre of 1 in 500 for the 
standard serum and 1 in 40 for a serum being tested, then since the 
standard serum is known to contain 1000 units per ml., the test serum 
1000 x 40 

will have — — ^ — , i.e. 80 units of antibody per ml. By reportii^ 


in this way the results of different laboratories using var 3 dng techniques 
may be strictly comparable (WHO, 1958). 

SMh Test . — ^The intradermal injection of a killed suspension 
Brucella ox ot a purified extract “Brucellin” may elicit a delayed 
tuberculin-like allergic reaction (minimum diameter 5 mm. indun* 
tion) which may mean past or presoit infection. However, non- 
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specific positive reactions xnay occur so that this test should not per se 
accepted as diagnostic. 

Chemther€^.--Bmoeiht infections respond best to a oombination 
of streptomycin and tetracycline, continued for a period of two to 
three weeks. Successful residts by combined therapy vntii streptomycm 
and sulphonamides have also been claimed. 


Laboratory Diagnosis in Animals 

The agglutination test with the serum of supposedly infected 
animals and standardised brucella suspensions has been used in diag- 
nosis. Results in which 50 per cent, agglutination occurs in diluticms 
of 1 in 40 or over are generally regarded as positive. 

The milk ring test (MRT) is a very sensitive means of detecting 
agglutinins in milk samples. The technique is given in detail in 
Chapter 55. 

Since a positive reaction may occur in the milk of cows vaccinated 
in adult life with the avirulent strain of Br. abortus S19, positive 
milk ring tests should be confirmed as being the result of i^ection 
either by culturing the organism directly from the cream or by in- 
oculating guinea-pigs with cream and the deposit after centrifuging the 
milk. A convenient confirmatory test is the whey-agglutination test 
whi<^ is rarely affected by vaccination of cattle prior to breeding age. 
The technique of this test is given in Chapter 55. 

In animals that have aborted, the organism can be demonstrated 
microscopically in the uterine discharge^ shortly after calving and also 
in the stomach contents of the foetus, and can be cultivated by tiie 
methods referred to above. Inoculation of a guinea-pig may be resorted 
to for demonstrating and isolating the organism; the inoculated animal 
is killed after 6 weeks, cultures are made from the spleen and the 
blood serum agglutinin titre is determined. The inoculation test is 
also utilised for demonstrating the organism in milk. 

Immunisatwn. — Certain attenuated strains of Br. abortus, e,g. S19, 
used in the living state as vaccines have been shown to produce an 
effective immunity against brucellosis and are appUed practically in 
controlling the disease in herds of cattle. In view of the fact that 
vaccination in adult life may result in serum antibodies which conftwe 
any subsequent serological tests it should be restricted to about the 
sixth month of calfhood. In the majority serum antibodies do not then 
persist, although the animals are protected against brucellosis throu^ 
five pregnancies. 


^ A useful di£Eerential stain for the demonstration of Br, abortus tn infected mtetial 
as follows ; Pilute carbol-fuchsin (1 : 10) is allowed to act, without heati^, for 
2 ^teen minutea* The slide is then decolourised with 4 per cent, acetic acid aolm^ for 
^[teen seconds, washed thoroughly and counterstainecf with Ldffler*8 alkaHne met^lene 
for one minute. This afoining mediod may also be used for demmistrating the 
elementary bodies of eHxoatk abortSm of ewes in smears from the diseaaed cotyledoiii 
1 ^^dchorkwi. 
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Other lypes of Brjicella 

A type of Br. abortus has been rq>orte<l in undulant fever in 
Rhodesia; this organism, however, resembles Br, mUunsis in its virul- 
ence for man, and its ability to grow in the ordinary atmosphere. The 
infection is derived from cattle. 

In the south-east of France, brucella strains have been isolated with 
the biological characters of Br. abortus but the antigenic structure of 
Br. meUtensis. In pathogenicity they resemble Br. Abortus. 

Br. ovis, a su^ested new species, has been reported as being 
responsible for epi^dymitis in rams in Australia and New Zealand 
(Buddie & Boyes, 1953). The causal oi^anism has also been .isolated 
from the placentae of infected ewes and from tissues of aborted lambs. 
It needs carbon dioxide for primary isolation; it does not produce 
hydrogen sulphide and it has a dye sensitivity not unlike that ofW. suis 
but is not inhibited by basic fuchsin in the usual concentratic^. Its 
inclusion in the genus Brucella has not yet been officially a(^pted 
(WHO, 1958). \ 



CHAPTER 24 

BACTEROIDACEAE: DONOVANIA 

The family Bacttroidaceoe comprises five genera of medied import- 
ance. Three are simple rod-shaped cells, rarely pleomorphic and all 
strictly anaerobic: of these, Bacteroides and Fmobaetaium are greater 
than 0-3 n in diameter, the former having rounded ends and latter, 
pointed ends: DiaUster has a diameter of 0*15 or less. 

The remaining two genera of the family are hi^y pleomorphic 
rods: Sphaerophorus is strictly anaerobic whereas StreptcbacUhs is 
facultatively anaerobic. 


BACTEROIDES 

There are 30 species in the genus Baeteroidet and the majority have 
been found as commensals or pathogens in the mammalian intestimd 
tract. All species are Gram-negative, 2-3 n by 0‘4-0*8 /*, non-sporing 
and usually non-capsulate and non-motile. 

Bacteroides firagilis 

This, the type species of the genus, is non-motile andnon-c^sulate, 
often showing bipolar staining: strict anaerobe; optimum temperature 
37° C. but growth is scanty and the colonies sms^, greyish and irregular 
in outline. Gelatin is not liquefied and various carbohydrates are 
attacked without the evolution of gas. This species has been fotmd in 
appendicitis, urinary tract infections and septicaemias in man; some 
strains produce subcutaneous abscesses when injected into guinea-pigs, 
rabbits or mice. All strains are resistant to pencillin and soisitive to 
the tetracyclines. 

Fusobacterium 

There are six members of this genus but only one, Fuschacterium 
jusiforme is of proven pathogenicity for man. It is a concomitant of 
Borrelia vmcaOi in Vincent’s angina and in other necrotic infiammatory 
conditions, e.g. gingivitis, stomatitis. Characteristicalfy Fus(Aea«riim 
fusiform is a large (5-14 (thy 1 ft) non-mofile, dgar-ahsqted badOus; 
the centre of the bacillus oftm stains less deeply than the main body. 
It is strictly anaerobic and grows only on enritbed media, e.g. serum 
agar, and even then grows poorly; aft^ 36 hr. incubation coltmks are 
only 1-2 mm. in diuoneter, high convex and widi a regular edge. 
Isolation is very (fifficult owing to the admixture of huge numbera of 
other otganisms present in pa^ogenic materbl (tom the buccal cavi^. 

J^ialiater 

Both members of this genus have beat found in the teapimtoiy 
tract usually in cases suffiera^; from infiuenza. ZMal&ter pmmotktba 
I Diedu^ grmv^omtans are mlcroacopioi% identical; very htunt 
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rods not more than 1 ft by 0*5 ft — ^frequently smaller* Gram-negative, 
iton-capsulate, non-motile and non-coring. Colonies on agar and 
blood agar are minute, transparent and have an entire edge; the 
optimum temperature is 37® C. and althou^ both .species prefer 
anaerobic conditions, Dial granuKformans is less strictly anaerobic. 

Neither produces indole but DtaL granuKformans produces add from 
glucose, sucrose and mannitol while DiaL pneumosmtes utilises only the 
first of these substrates. Both species are pathogenic for rabbits and 
intratracheal inoculation may ^ve rise to fever, sometimes conjunctivitis 
and a mononuclear leucopoenia. 

%diaeroptioru8 necrophorus (Fustformis necrophorus) 

This is the type-species of the genus Sphaerophorus which |Com- 
prises 18 species; all but one {Sphaer^horus bullosus) are non-motile. 
All members are Gram-negative, straight or slightly curved roc» and 
are markedly pleomorphic. They are anaerobic and found variously 
as commensals in the mammalian intestinal tract; some are recognised 
pathogens. Sphaer, necrophorus is responsible for diphtheritic and 
necrotic lesions (“necrobacillosis”) in various animals, e.g. gangrenous 
dermatitis of equines, calf diphtheria, foot rot of sheep, necrotic 
stomatitis of pigs, lung abscesses in various domesticated animals, 
labial necrosis of rabbits. 

Morphological and Cultural Characters. — The organism is extremely 
pleomorphic and may appear in the form of elongated slender filaments 
varying in length, sometimes measuring 80 to 100 fi. Branching has 
occasionally been described. The fils^ents are Gram-negative and 
show a characteristic beaded appearance when stained by the ordinary 
stains. In addition to the filamentous form, the organism may be seen 
as small Gram-negative bacilli. Growth is obtained at an optimum 
temperature of 34®~36° C. on «^rum agar under strictly anaerobic 
conations. The colonies are small, white, opaque disks with projecting 
wavy filaments. Cultures yield a characteristic * ‘cheese-like” odour, 
especially in a milk medium. Indole is formed. Gelatin is not lique- 
fi^. A thermostable necrotising endotoxin is produced. 

For diagnostic purposes stained films made from the edges of the 
necrotic tissue are examined. 

Direct cultivation is difficult owing to the large numbers of other 
organisms present in the lesions. Pure cultures can be obtained readily 
by inoculating rabbits or mice with the necrotic tissue and isolating 
the organism on serum-agar from the inoculated animal at autopsy: 
death usually occurs in 1~2 weeks. 

Pathogenesis* — Human infections with this type of organism are 
probably commoner than was at one time realised. Localised lesions 
in the skin and subcutaneous tissues are found particularly in workers 
who are obliged to handle infected animals; veterinary surgeons, meat 
inspectors, laboratory technicians and butchers are liable to this in* 
fecidon, especially w^n there are small abrasions of the skin on ffieir 
hands. Ulceration of the throat, often after tonsillectomy, and purulent 
gingivitis after dental extractions, are also manifestations of the infec- 



KAT-BITB FBVBB 


291 

tioa. A larger and more important group cases occur following 
abortion and less frequently after normal childbirth; puerp^ fever 
due to suppuration in the g^tal tract or a stqipurative thromibo 
phlebitis results. After surgical operations on the abdomen diese 
organisms may cause peritonitis ar^ are sometimes associated with 
sloughing of the edges of the incision. Occasionally appendicitis and 
urinary infection are associated with the organism. Anodier important 
group of cases suffer from empyema with or without lung abscess forma- 
tion. In severe infections with Sphoer. necntj^iorus and also vddi 
members of the Bacteroides group, septicaemia or pyaemia may follow a 
suppurative thrombophlebitis, ^ctetial endocarditis has been reported 
and widespread abscess formation, osteomyelitis, purulent meningitis 
and suppurative arthritis may occur. The organism is sensitive to 
penicillin, moderately sensitive to chloramphenicol and relatively 
resistant to streptomycin. 

StreptobaciUua moniliformis 

This organism occurs as a normal inhabitant in the nasopharynx of 
wild and laboratory rats and is the cause of a spontaneous disease of 
mice characterised by multiple arthritis often involving the joints of 
the feet and leading to swellings of the feet and legs. It is also the cause 
of a proportion of cases of “rat-bite fever” in man. Although t^ 
organism is usually introduced through a bite, this history cannot 
always be obtained; in some cases the infection seems to be acquired 
by the ingestion of contaminated food. A group of cases in America, 
characterised by fever, multiple arthritis and an erythematous eruption 
(Haverhill Fever), was shoMm to be associated with the organism which 
was swallowed in contaminated milk. 

Morphology and Stedning . — ^The organism is a Gram-negative, 
pleomorphic bacterium, occurring as short rod-shaped forms (1-3 
by 0-3-0-4 (•) or as elongated filaments which are either undivided or 
consist of d^ined bacilli. They may show characteristic fiisiform, ovid 
or spherical enlargements sometime projecting laterally from the 
filaments; non-capsulate and non-motile. 

Cultural Characteristics . — Growth can be obtained in the presence 
of blood, serum or ascitic fluid, and a high proportion of blood or serum 
IS required in the medium. Ldffler’s serum serves well for cultivation. 
The colonies are small (1 mm.). Viability in culture is feeble and cul- 
tures die in 2-4 days. 

On solid media, after 2-3 days* incubation, raised gxanular 
colonies 1-5 mm. in diameter develop. Adjacent to these, and beat 
seen with the plate microscope, a variable number of minute edenfoa 
0- 1-0*2 mm. in diameter may be a^enj^f they grow hxto the d^tiis ttf 
the medium and qan only bq tra|pg|ji^ by exebing a wnall pottfon eff 
the agar. Tfaffi|in(te>all colonial ii«iWe on subct&oie uad cottsfitute 
^e “L tosst^ or “L phase” of oqpmiun’s growth; they aomto 
utainly of veiy wnall coccoid or coccobai^lary elemenis W laxgaraod 
hizarre forms may be present 

I “L” oiganiaaaa are esdromely leaiatant to panfoilhn, whfia the 
strepudMidS are VM7 sensitive to this antfototic. However, bodifocoM 
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have identical fermentative propertieB and one antigen is common ip 
them. L forms ladi an antigen present in the 8trq>tobacilhu and 
have little or no virulence for laboratory animals. It is now generally 
accepted that L forms are variants of StrepuAadUus momKformis in 
whii^ there is a defective mechanism of cell wall formation. It should, 
be noted that L phase variation occurs spontaneously to a greater or 
lesser extent with all strains of Streptcbacillus momUfomm. In other 
bacteria where L phase dissociation is recognised, abnormal cultural 
conditions are required to induce the production of L-type colonies. 

In morphology and mode of reproduction L phase organisms have 
many similarities to the pleuropneumonia-like organisms (mycoplasma). 

Mice are susceptible to experimental inoculation and develop either 
a rapidly fatal generalised infection without focal lesions or 
slowly progressive disease with swelling of the feet and multiple 
matory lesions of joints. 

Laboratory Dit^nosis. — In the human infection the 
been isolated by blood culture, and from joint fluid in 
arthritis. In fluid culture, colonies of the organism take the 
“fluff balls” situated on the surface of the sedimented blood cells. 

It should be noted that another t3rpe of rat-bite fever (Soduku) is 
caused by Spirillum minus and clinically may be indistinguishable from 
that caused by Streptobacillus moniliformis, (see p. 270) 




Donovania granulomatis 

{Calymmatohacterium granulomatis) 

This organism, whose biological relationships are still doubtful, is 
responsible for a chronic granulomatous disease (“granuloma venereum”) 
ob^rved in tropical and subtropical countries. The initial lesion is on 
the genitalia. In the mononuclear celk of the lesions the organism is 
seen as a small Gram-negative pleomorphic bacillus (1 to 2 in length). 
It may show polar staining and appears to be capsulate. Extracdlular 
forms are also observed. The oi^anism has proved difficult to cultivate 
on the usual bacteriological media, but cultures have been readily 
obtained in the yolk sac of the chick embryo; after adaptation, growth 
can be obtained on enriched artificial med^. Laboratory aniin^ are 
not susceptible to inoculation, but the disease has been reproduced in 
man by inoculation with yolk sac cultures. The organism is not filter- 
able. Sterilised cultures yield an allergic skin reaction in infected per- 
sons, and give a complement-fixation reaction with patient’s serum. 
A capsular material has also been found to Sx complmnent with Mia 
from patients with the disease. The organism ^ morphological 
resemblances to KMtsieUa and cross-reacts serologically with KldmUn 
rhauackromatis. 

It should be noted that this infection is quite dUfferent from lympho- 
gianuhnna inguinale — and should not be confused with the latter 
ois&me (see p. 480). 



CHAPTER 25 

THE ANTHRAX BACILLUS 

Xw^GE Straight Gram^positive rods occurring in chaina which grow 
aerobically and form heatomistant spores belong to the genus SaeiUut. 
The Gram-positive property of strains is variable. *016 ^pbtes are 
ubiquitous and are extremely common in dust so that a lai|^ proportion 
of bacteria rantaminating cultures belong to this group. These 
organisms exist as saprophytes in soil, water, air and on vegetation-- 
e.g. BaciUus my<mdes and Bacillus subtiUs, Bacillus ati^acis, the 
causative oi^^anism of anthrax in man and animals is the only pathogen 
of the group, though ve^ occasionally species such as B. subtilis have 
been isolated from the tissues in terminal disease. 

Anthrax is primarily an infectious disease of domestic herbivores; 
in them it occurs in various forms from a fulminating septicaemia to a 
subacute or chronic fever with localising pustular lesions. Man con- 
tracts the disease sporadically by coming into contact with infected 
animals or contaminated animal products. Anthrax is uncommon in 
the United Kingdom and North America but is relatively a>mmon in 
many other parts of the world. 


BACILLUS ANIHRACIS 

Morphology. — A non-motile, straight, sporing badllus, rectangular 
in shape and of relatively large 8ize--4-8 ju, by 1-1-5 it. The badlli 
tend to be arranged in chains end to aid (streptobacilli), but may occur 
singly and in pairs. In blood and tissue they exhibit a distinct capsule 
when suitably stained. Unlike the oipsules of the pneumococcus and 
some other bacteria which are of polysaccharide nature, the capsule 
of the anthrax bacillus contains a polypeptide of D-glutamk add. Ihe 
spore, when fully developed, can be seen as a re&actile oval structure, 
central in position and of the same cross-diameter as that of the badllus. 
Sporulation occurs readily when Ihe organism is discharged from the 
body of an infected animai, and spores are a morphological feature of die 
badlli 'vdien growing in artificial culture, but sporulation does not ooour 
in the tissues. After the spore is fully formed, the reddual protoplasm 
of the bi^us (fidntegrates and the spore bwmes a free atructure. 
The spore represents a highly resistant phase of the o:iganism, and cm 
survive under conditions which would be unfavourable to fhe y^^etative 
form. When replaced in fiivounble conditions, die envelope of the 
spore ruptures at one pole and die vegetative phas» is rcpxiduded. 

The organism in the tissues is strongly Gram-poddve. 
In films prepared from cuhures the stuaing vumm of in^vkhid 
bacilli is variable: oldo'celteaiui the vegetative renintttts of 
cells may be GraraHO^dve. The i^re is unstaiaed by the or^earjf 
methods, but can be stained cfifierentiaHy by ipecihd memods. * 
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Methylene-blue Reaction of McFadyean. — ^Tliia staining reacttoA 
has been utilised in veterinary work for the recognition of anthrax 
bacilli in blood films. The films are made in the usual way on slides, 
dried and passed rapidly three times through the flame; they are then 
stained with polychrome methylene blue for a few seconds, washed and 
dried. Between the bacteria an amorphous purplish material is noted, 
representii^ the disintegrated capsules of the organisms; this appear- 
ance is characteristic of the anthrax bacillus. 

Cultural Characters . — ^Aerobe and facultative anaerobe; tempera- 
ture range, 12°-45° C. ; optimiun, 35° C. ; grows on all ordinary media; 
aerobic conditions are necessary for sporulation, for which the optimum 
temperature is 25°-30° C. Germination of spores takes place under 
both aerobic and anaerobic conditions. Rapid germination 
the presence of certain amino acids such as adenosine, 

/-tyrosine. 

Gilonies on agar — white, granular, circular disks (about 3 
diameter after twenty-four hours’ growth) which, under the low 
of the microscope, show a wavy margin, often likened to locks 
and presenting the “medusa-head” appearance. The colony is one 
continuous convoluted thread of bacilli in chain formation. 

Agar stroke — ^thick, white, opaque, somewhat dry, friable growth 
with irregular edges, showing the same microscopic characters as the 
colonies. To the naked eye this growth presents a ground-glass 
appearance. 

Gelatin stab — a line of growth along the wire puncture from which 
fine lateral spikes radiate, longest towards the top. This is the so-called 
“inverted fir-tree growth”; liquefaction occurs later, starting at the 
top of the growth. 

Coagulated serum is partially liquefied. 

Broth — growth develops as white flakes which sediment, and some- 
times shows pellicle formation. 

On blood agar the anthrax bacillus is only slightly haemolytic as 
compared with the saprophytic members of the genus, which are 
markedly lytic. 

Variation . — Capsule formation is subject to variation, and when the 
capsule is absent or imperfectly developed the colonies tend to be moist 
and slimy and may be devoid of the characteristic wreathed margins. 
This is well seen in cultures which have been attenuated in virukmce 
by growth at temperatures above the optimum, e.g. 42°-43° C., as in 
Pasteur’s method of attenuating the organismJbr prophylactic vaccma- 
tion. 

The typical colony, as described above, is of the “roug^” form? 
the variant is small, “smooth” and without the diaracteristic wreath^ 
appearance, while the bacilli in fliis type of colony are amun^ied in 
bundles, not in a convoluted chain. Virulence is associated w^ the 
“rough” form, the “smooth” variant being relatively avirulent 

VudnVty.—Tho vegetative cells are as susceptible as other non- 
sporii^ bacteria, ^e thermal death-point is about 60® C. for ladf 
hour. The ^re is h^hiy resistant to chemical and physkal ehan|^ 
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in the environment, though there is a marked strain variation in this 
respect. The spores of many strains will renst 6xy heat at 140° C for 
one to three houm and 100° C. moist heat (steam or boiling) five 
ten minutes. Five per cent, phenol requires several weeks to kiU Ae 
spores, but 1: 1,000 mercuric chloride destroys Aem in thirty minutes 
and 4 per cent, potassium permanganate in fifteen minutes. For the 
disinfection of wool a 2 per cent formaldehyde solution can ^ ua»i and 
allowed to act for twenty minutes at 39°-40° C. Animal hsk and 
bristles can also be disinfected of anthrax spores by six hours’ t re a tment 
with 0'25 per cent formaldehyde solution at 60° C., and sudi treat- 
ment does not affect Ae colour and texture of Ae materud. 

It should be noted that Ae usual heat fixation and staining of mitax)- 
scopic preparations from cultures of Ae anthrax bacillus may not alfect 
the viability of Ac spores, and laboratory infection from handling sudh 
material has been recorded. The fixation of films by 1 : 1000 mercuric 
chloride for five minutes has been claimed to kill the spores and does 
not interfere wiA Ae staining reactions. 

Spore germination and Ae vegetative growA of most strains is 
inhibited by penicillin (0-1 /itg./ml. or less), streptomycin (0*5-2 ftg./mL), 
the tetracyclines (0-1-0-5 /4g./ml.), erythromycin (1 ftg./ml), cldoram- 
phenicol (2*5-10 /xg./ml.) and sulphonamides, in in vitro tests. 

Biochemical Reactions — Glucose, sucrose, maltose, trelulose and 
dextrin are fermented wiA acid but no gas production. Nitrates are 
reduced to nitrites. 

Antigenic Structure . — Three distinct antigenic components have 
been recognised, a somatic protein, a capsular polypeptide and a 
somatic polysaccharide. 

The protein somatic antigen (protective antigen) stimulates im- 
munity in most animals and it can be shown to be present in Ae oedema 
fluid of anthrax lesions. The protective antigen is Aificult to assay. The 
usual in-vitro tests are unreliable and detection by assessment of its 
immunising activity in experimental animals is teAous and not very 
sensitive. A better in-vivo meAod is now available based on Ae follow* 
ing procedure. Protective antigen neutralises Ae antitoxic activity of 
anArax antiserum and if anthrax “toxin” is subsequently added the 
final toxic activity of the system can be measured by a skin test in the 
rabbit. On agar-diflfusion plates a line of precipitation occurs whidt 
correlates with Ae immunising activity of preparations containing the 
antigen and this is a useful in-vitro meAod. 

The capsular polypeptide is (imposed mainly of D-glutanuc add, 
and Ais substance is found only in virulent strauu. Antisera {^pued 
hy inoculatmg animals wiA encapsulated organisms react with Ae 
isolated polypqitide which by itself is not an antigen (hapten). C^* 
sular antibody is not protective. Polypeptides of relat^ ^enuokl and 
inununobgioal nature are found in oAer members of Ae gtou^. 
The capsular pr^ypeptide of B. stilts for exanq[>]e contams 
acid as well as Ae D- form. 

. The somatic polysaccharide is combined wiA a p< 9 ^ imktf eoft* 
^iug ote-diamauipimdic add to form a comi^ indttded in 'Ae 
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cell wall oi the oiganiam. By itself the isolated polysaccharide acts as 
a hapten and wiU react with antisera produced i^ainat the Afriiole 
bacilhis — e.g. in precipitin reactions. antigen does not seem to 
be associated with the virulence of the organism. 

Additional antigens are undoubtedly present, but as yet are un> 
characterised. 

Pathogenesis. — All mammals are susceptible, though to a varying 
degree. Some cold-blooded animals can also be i^ectedL Guinea-pigs 
and mice are highly susceptible to experimental inoculation. If a 
guinea-pig is injected subcutaneously with pathological material con- 
taining the bacilli, or cultures, the anunal dies, usually within two days, 
showing a marked inflammatory lesion at the site of inoculation and 
extensive gelatinous oedema in the subcutaneous tissues, i Large 
numbers of the bacilli are present in the local lesion. The! animal 
exhibits a profound septicaemia and the anthrax bacilli are pr^nt in 
large numbers in the heart blood and in the capillaries of the mtenud 
organs. They are specially numerous in the spleen, which is enlarged 
and soft, and in the kidneys. With virulent strains the LD50 ny the 
subcutaneous route is of the order of five bacteria or less. ' 

Experimental production of anthrax by inhalation of contaminated 
aerosols has also been studied. Spores deposited on the alveolar walls 
are taken up by phagocjrtes and carried to the tracheo-bronchial glands. 
Infection spreads via the lymphatics to the general circulation. The 
LD50 is about 20,000 organisms if the particle size of the aerosols is 
less than 5 fi, since the smaller particles are more likely to penetrate in 
the air-stream to the alveolar walls, but is much higher if the particles 
are larger. 

Infection of some species of animal may be produced by the oral 
route with a relatively large number of spores (e.g. lO*'®), but guinea-pigs 
are resistant to infection by this route. 

The pathogenesis of anthrax was obscure for many years. No lethal 
exo- or endo-toxins could be foimd in artificial cultures of the organism 
and it was believed that death was due to the massive terminal sqrtic- 
aemia; the bacilli were thought to block the capillaries and exhaust the 
tissues of essential nutrients and oxygen. The absolute number of 
organisms, however, is not all important because after a certain stage 
of the disease control of the septicaemia with antibiotics will not prevent 
death and partially immunised animals die with greatly reduced numbers 
of bacilli in their blood. It is now recognised that the virulence of 
B. ottthrads is determined by at least two_jinconnected factors-^-an 
extracellular toxin and the capsular ploypeptide (Smith, 1960). The 
toxin, lethal to e]q>erimental animals on intravenous injection and 
evoking extensive oedema when injected intxadermally, psoductt 
digaemic shock in infected animals and it is now recognised that tins 
is the cause of death. It was first detected in the sterile phamis of 
gohiea-p^ dying of anthrax, but it has now been produced m vitro 
and omsists of at least three practically non-toxic omnponents whirit 
act qmeigistically (Stanley & Smith, 1961). 

The anthrax badllus produces an qpusDotic disease in herbivorous 
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particularly anuni^ aheep md cattle, but no species is com* 
pletely immune. The condition is usvudty septicaemic in nature, and 
post-mortem the bacilli are found in large numbers in the heart blood 
and internal organs, especially the spleen, which is enbuged and aoft 
(splenic fever). Subacute and chronic disease also occurs in anknal* as 
do localising pustules which are atudogous to die mahmumt pustule in 
man. In animals the portal of entry is the mouth and intestinal txact, 
the spores being ingested with coarse vegetation whkh probabfy jne* 
disposes to trauma of the mucosa. 

The spores germinate at the site of entry and the v^ietadve cdUs 
produce “toxins” leading to the formation of gelatinous oedema and 
haemorrhage. In the susceptible animal the bacilli resist phagocytosis 
and reach the l^phatira and thence the blood stream. Before deadi 
the bacilli multiply freely in tlw blood and tissues. In the resistant 
animal there is a more profuse leucocyte response with phagocytosis 
and decapsulation of the organism. 

In man infection is acquired from animal sources, usually throu^ 
damaged skin or mucous membranes, or more rarely by inhalation of 
spores into the lungs. Infection thus occurs most commonly throu^ 
the skin in persons such as farmers and veterinarians handling infected 
animals, or among dock workers, factory workers and farmers from 
handling carcases and hides, animal hair and bristles, shaving-brushes, 
feeding-stuffis, bone-meal, etc. The resulting lesion is usually described 
as a malignant pustule. This starts as a papule and becomes a blister 
within 12-48 hours and then a pustule with an increasing area of in- 
flammation depending upon the resistance of the host. Coagulation 
necrosis of the centre results in the formation of a dark-coloured eschar 
which is later surrounded by a rii^ of vesicles contaimng serous or 
sero-sanguineous fluid, and outside this is an area of oedema and 
induration which may become very extensive. 

Infection may result from inhalation of spores carried in dust or 
filaments of wool from infected animals, as in the wool factories— 
“wool-sorter’s disease”. The organisms settle in the lower part of tiie 
trachea or in a large bronchus, and an intense inflammatory lesitm 
results, with haanorrhage, oedema, spread to the tiroradc glands, 
involvement of the lungs, and efliision into the pericardial and jpleuxid 
cavities; the organisms are present in considerable ntimbers in the 
lesions; a septicaemic condition or a haemorrhagic meningitis may 
supervene. 

Infection may occur by the intestinal route, but this is rehutivdy 
uncommon except in primitive societies using infected animals for food 
in which outbreaks with a hi^ mortality may occur. 

Epidemiidogy.— Anthrax is primarily a disease of amnnls, and mka 

only secomhuily infectesL 'Hre wmrld incidenee of human uiliunx 
I ^ estimated in 1958 at betweot 20,000 and 100,000 cases annua%. 

In the terminal stRges of foe duesM in ammaht the bacilli are pieieiit 
|in very large mimbos in foeoea, urine and sahva, and foew may coik 


^ough dir^ ipresd of thk k tare« be 
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taminated from the carcases of dead animab. The vegetative 
rapidly sporulate and the spores remain viable for many 3 ^ears, constitu* 
♦mg foci of soil contamination. The spores are ingested by cattte and 
sheep, pass the stomach and invade the small-intestine mucosa ed the 
new hosts which serve to perpetuate the disease. In the United King- 
dom the disease is sporadic amongst cattle and is commonest in the 
winter months when it can usually be traced to imported feeding-stuiSfs 
that have ^n contaminated with anthrax spores, especially bone-meal 
imported from areas where animal anthrax is common, e.g. the Far 
East (Jamieson & Green, 1955). 

In countries where the disease is relatively rare in animals, industrial 
anthrax from contamination with imported materials is the commonest 
form of infection in man. In general, the infectivity of the /anthrax 
bacillus for man is not of a very high order and when a case oflanthrax 
occurs in an industrial establishment, spores of the bacillus are often 
widely distributed and in large numbers in the environment. In 1958 
Liverpool Docks handled over 6000 tons of dry hides and when dis- 
charged from the ships one-quarter of the hides were founds to be 
contaminated with anthrax spores (Semple & Hobday, 1959). Never- 
theless, anthrax is very rare amongst the hide handlers, only 6 cases 
having been recognised in 5 years. Cutaneous anthrax is by far the com- 
monest human lesion. In the 17 years up to 1960, 109 cases of human 
anthrax were reported in New York State and in all but two instances 
the patient suffered from malignant pustule (Miller, 1961). Pulmonary 
anthrax, common in Great Britain and Germany as wool sorters or rag 
pickets disease in the nineteenth century, is now rare and the 1957 
outbreak in New Hampshire is claimed to be the first in the twentieth 
century (Brachman et al., 1960). In this small epidemic there were 
5 cases (4 fatal) of inhalation anthrax during a 10-week period in a mill 
processing imported goat hair.' ^During handling there was an excessive 
amount of dust and ^e air contained large numbers of anthrax spores. 

Laboratory Diagnosis 

Malignant Pustule . — Films are made from the exudate and stained 
by Gram’s method; the finding of bacilli morphologically like B. 
anthracis is suggestive but not conclusive. If there are unbrokoi 
vesicles round &e lesion, fluid from these should be examin ed. 

Successive-stroke inoculations should be made on an agar plate. 
The resulting colonies are recognised by examining them wiA the low 
power of the microscope, and films are made and stained by Gram’s 
method. Spores are noted in cultures. 

In all cases the identity of the suspected oiganism must be con- 
fmned by inoculation of a guinea-pig or mouse with exudate from the 
lesion, or with the isolated future. A small dose of culture is sufficimt 
to produce a lethal effect The occurrence of the bacilli in the heart 
blood and in the splemi in conaiderable numbers, and the other post- 
nicntem appearances described above, an diignostic. In caxtytng 
the post-mortem examination every precaution diould be obaetved. » 
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j^udate used for inoculation contains other organisms, it is advisable to 
aoculate it mx a scarified area of skin in prrfetence to subcutaneow 
njection. 

Diagnosis of Anthfax in Domestic Animals {post-mortem).— •’Tbs usual 
5nnofpo8t-niortemexaininationmu8tnotbemade,inordertopteventany 
istribution of sporing bacilli from the carcase. In tixe botfy no ^nila- 
ion occurs, but spores are readily formed when the badfii are eii^oaed 
0 air. Films of blood taken from a superficial vein in the nir are 
trepared, and stained by Gram’s method and by McFadyean’s methy* 
ene-blue method {vide supra). The finding of characteristic bacilli in 
he blood giving the methylene^blue reaction is diagnostic. In pigs and 
lorses the bacilli may not be detectable in the blood. If necessary, the 
Tganism can be ojltivated and identified by the procedure described 
bove, a specimen of blood from the ear being used for the investigation. 

Isolation of Bacillus Antkracis from Heavily Contanmtated Material. 
-If the material {e.g. hair, hide, tissue, bone-meal) is heavily con- 
aminated, shake a portion with water and allow it to stand for three to 
bur hours with occasional shaking. Squeeze or tease the material and 
leat the supernatant fluid to 70° C. for ten minutes. Add different 
volumes (0*2 ml.-2-O ml.) of this fluid to melted agar, pour plates and 
ncubate at 37° C. for 12-15 hours. It is essential to examine the plates 
^ly. Examine for deep colonies which have a typical filamentous 
ippearance sometimes likened to knotted string. A rich culture 
nedium is essential and plates should not be too crowded with colonies. 
[Confirmation is obtained by inoculation subcutaneously in the mouse 
]r guinea-pig. 

For direct isolation by animal inoculation centrifuge 50 ml. (or 
more) of the heat-treated fluid described above at high speed (3000 
r.p.m.) for fifteen minutes. Discard the supernatant and inoculate the 
residue intramuscularly into a guinea-pig which has been passively 
immunised 24 hours previously with Cl. welehU antitoxin 1000 umts, 
Cl septicum antitoxin 500 units, Cl. oedematiens antitoxin 1000 
umts and tetanus antitoxin 500 units; or a polyvalent gas-gangiene 
serum with added tetanus antitoxin. Death due to anthm occurs in 
two to three days. Death from gas-gangrene (usually due to Cl 
septicum or Cl Ufemmtans) occurs earlier. In the latter cases aerobk 
cultures from the local lesion and spleen should be made as they may 
yield B. anthracis. The minimum inf«;ting dose is 30-50 spores. 

Precipitin Test.— Tim test was first used by Ascoli in tiie reoognitiim 
cf anthrax infection in organs and tissues from suspected carcases, and 
<nay be applicable even in the case of putrefied material. It depends 
on the occurrence of a specific precipitin m tiie serum of an aitinda% 
uumunised animal Immune sera, however, vary in tiieir predpitin 
content, and for the test a serum with known predpiwiimpnqterties 
t>uat be selected. About 2 grams of the tisssoe are bmM mr five 
l^uiutes with 5 ml. of normal sdine, to which acetic acid has been added 
^ the proportion of 1 : 1000. The fluid is cooled and tixea fittmd 
^°ugh pi^. 0-5 ml of ti« serum is placed in a natrottr tuhd and 
^ filtrate is catefii% run on to the top. Hxe dewdopmeat widtiiit 
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IbEtoen ttt{nn<w» of a white ring of precipitate at the juoctioA of tiie two 

fluids denotes a positive resuh. .... . .... 

Ch fi m*t h f»r «»ry-— Most antibiotics to which the anthrax bactUus u 
smsitive in in-vitro tests have been used sucessfolly in flie treatment 
of anthrax in man. Chemotherapeutic agoits have no ef^ upon the 
“toxins’' already produced, therefore it is important to institute therapy 
as soon as possible. 

Hie serum of artificially immunised animals, e.g. Sclavo’s serum, has 
been used in the treatment of human anthrax combined with anti- 
bacterial drugs. Doses of 50-100 mL given intravenously, and repeated 
daily if necessary in severe cases, have been recommended. 

In animals, treatment is not often possible as most cases are not 
diagnosed till moribund or dead. Penicillin in lai^ doses Mjd chlor- 
tetracycline should be given combined with immune serum. I 

Froffliylaxis and QmtroL — ^In outbreaks of animal anthrax, affec- 
ted animals must be promptly dia^osed and isolated. Carcases must be 
disposed of by deep burial in quicklime or cremation to limit ^Kirula- 
tion of the organism from the tissues and spread to pastur^e and other 
animals. The limitation of the import of animal hides and lu^r to a 
single port (Liverpool), where facilities for mechanical handling and 
diraifection are available (“Duckering”), has done much to reduce the 
danger of anthrax in the IJnited Kingdom (see Anthrax Order, 1938). 

The eradication of anthrax in animals can be assisted by active 
immunisation procedures and numerous vaccines have been used. 
Active immunity can be induced by immunisation with either live 
attenuated bacilli, live spores or the somatic protein (protective) aUtigai. 
Vaccines of live bacilli which have been grown at 42'’-43° C. were first 
introduced by Pasteur in 1881, but it ^ alvrays proved difficult to 
regulate the degree of attenuation of these vaccines. Live spore vaccines 
(e.g. the “Sterne” strain) prepared from the non-encapsulated avirulent 
bai^ were originally employed in South Africa. Protection is pro- 
duced by one dose and these vaccines, more stable and much safer than 
the Pasteurian vaccines, have now been used on a large scale. In Russia, 
where 2*7 million farm aninuds have been immunised witii spoire 
vaccines, the incidence of accidental death from its use was about 1 in 
100,000. The spore vaccines, however, are not generally considered 
safe enough for man. Preparations of protective antigen are eff^ve 
non-living immunising agents whereas ^e capsular polypeptide is not 
immunogenic. Protective antigen is present in extracts of anthrax 
lesioiut and it is elaborated when B. tmtkracis is grown, under rather 
critical conditions, in serum-containing or certain chentically de^ed 
media (Belton & Strange, 1954; Wr^ht et al, 1962). Htere is a 
strt^ serological connection between this an^en and the anthrax 
toxin. Alum-precipitated protective antigen is vwy safe, but th* 
inununity produced does not last as long as mat following iimnunisstiw 
wi& a spore vaccme. It has been used (Bradunan et of., 1962) in ^ 
Unitf^ States to immunise workers handling raw inqxMted ^t 
six iryections of antigen were given ova: a 19-moitth period lolkww by 
an annual booster dose. Reactions were rq^arded as tiegli gihl e and the 
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ya ccine ^ra$ elective in protecting against cutanema 

anthrax. Rec^t work (Klein at al., l%2) using guinea-^ iga Mug fflaan 
that there is a great increase in protection when immunisation wiA 
protective antigen is supplemented by an injection o£ a live spore 
vaccine. 


THE Al^ONC GRAM4POSmVE SPOKING BAOUj: 
BIOLOGICALLY ALLIED TO BACILLUS ANTHItAClB 

These orgtmisms are saprophytes, and represent a large number of 
different species. They are found in soil, water, dust and air. Being 
ubiquitous, they are frequent contaminants of culture medium in the 
laboratory, and bacteriological workers should be acquainted with tlMsir 
general biological characters. 

Classical types representative of this group are B. subtHis (the “Hay 
bacillus”), B. mycoides, B. mesaitericus, B. m^atenum and B. certus. The 
type-species in B. subtiUs, and for convenience these organisms are some- 
times spoken of as the “B. subiiU$ group" . For the detailed different 
features of the various species, reference can be made to B»giy't 
Manual of Determinative Bacteriology (7th edition). The general charac- 
ters of the commoner types met with in laboratory work may be summar- 
ised as follows, and for general purposes it is unnecessary to identify 
a particular species. 

Horology Staaiing. — Certain large-cell types tend to resemble 
the anthrax bacillus, e.g. B. mesentmcus. Others, e.g. B. cereus, B. 
mycoides and B. megatherium, are shorter with rounded ends, and several 
motile species with peritrichous flagella are met with, e.g. B. subtiSs. 
The spore is central or excentric, e.g. B, subtiUs, B. mycoidmt sub- 
terminal or terminal. It may be relatively small, not exceeding 0*8 ft, 
e.g. B. mesentericus, or large, up to 1*8 fi, e.g. B. m^athermn. 

Cultural Characters. — ^The optimum temperature is usually low, 
!.g. about 20® C., but certain types grow best between 30® and 37® C. 
ind some are thermophilic, with their optimum temperature at 55® C.; 
they are characteristically aerobes, but, usually, also facultative an- 
lerobes; abundant growth occurs on aU the ordinary culture media. 
The appearance of the growth varies considtnably among different types. 
B. subtiUs produces a white, glistening, adherent, somewhat mendwan- 
ous growth, which tends to spread, and somewhat similar growths ate 
seen among othm- species. Certain types produce colonics ^ growths 
practically similar to B. anthrads, with the same “medusa-head” 
appearance, e.g. “B. anthaaddes". The colonies of B. ntycoAfn are at 
similar to timse of tlm antiinx badttus, but ^ esufy difiterostia^ 
ty ffieir feathery appearance, due to long {urojecting and braadung 
weads radiating out from the central growth. The growths mg hi 
gummy or moht, and white, greykh-white, yeAswish mr hswwn. 
speciet ^odudng a Made pig^Mikt have been deacrOted. On 
l^^to, characterktic edmiral appettaaoes nwy be noted, B. 
nerenieridiv devdi^ a tlndc wriiuded or hdded htyi» ei growtih vddeh 
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amunes a brownish colour. Pellicle formation in broth is a fo^uent 
character. Generally, gelatin is liquefied and proteolytic action is 
well developed. Some types ferment carbohydrates. Starch may be 
hydrolysed. 

McGaughey and Chu (1948) have shown that of the group of 
aerobic sporing badlli only B. mycoides, B. cereus, and to a 1^ extent 
B. anthrads, are capable of splitting the lecithin of egg-yolk incorpor- 
ated in a culture medium. This reaction, which is due to an enz3rme, 
phospholipinase, separates them quite sharply from B. subtUis and other 
members of the group. B. cereus is commonly found in heat-treated 
milk and it may be identified by culture on an egg-yolk-agar plate. 

These organisms are usually non-pathogenic on experimental in- 
oculation into laboratory animals. 

Bacillus anthracoides. — This designation has been applied to a type j 
of organism of the above group, which in morphologicd and cultural^ ^ 
characters closely resembles B, anthrads and may exhibit the “medusa-. \ 
head” colonies characteristic of the latter. Under certain conditions 
this orgasm might at first be confused with the anthrax bacillus. It 
can be differentiated, however, by its motility. Colonies on blood ^ar 
^ usually haemolytic {cf. anthrax bacillus). It should be noted that 
if a large dose of culture of this type of organism is injected into a 
guinea-pig or mouse, a local inflammatory lesion with oedema may be 
produced, followed by septicaemia and death. The organism can be 
detected in the heart blood and internal organs, though in smaU 
number (</. anthrax). In blood or tissues it does not exhibit the 
McFadyean methlyene-blue reaction. 
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CHAPTER 26 


ACTINOMYCES: NOCARDIA: ACTINOBACnXUS 

Actinomyces is a genus of anaerobic or micro-aerophilic, non-acid-fast 
organisms within die family Actinowycetaceae. This genus is parasitic 
on man and animals. By contrast the other genus ci the fandlyj 
Nocardia, is comprised of members which are obligate aerobes, some of 
which are acid-fast and the majority are saprophytic although a feur are 
facultatiyely parasitic on man and certain animals. The famil^ Strepto- 
n^cetaceae bears certain resemblances to the Actinomyettaceae and 
within the former, the genus Strepiomyces, which is entirely saprophytic 
has a particular medical significance, viz. some species produce anti- 
biotics of recognised therapeutic importance, e.g. Streptomyces grisem 
produces streptomycin. 


ACTINOMYCES 

There are three species within this genus; Actinomyces israelii 
which is primarily commensal and occasionally pathogenic in man, 
Actinomyces bovis which fulfills a similar role in bovines and Actinomyces 
baudetH, the causal organism of actinomycosis in dogs and cats. 

Actinomyces israelii 

Morphology . — In morbid tissues the organism forms colonies which 
are recognisable to the naked eye and are referred to as sulphur granules ; 
in early infections these are white and semi-transparent but develop a 
yellow colour and eventually become dark brown if the infection is not 
recognised for some time. Microscopically Actino. isnaeUi comprises 
a mycelium or felted mass of branching filaments which are 1 ft duck; 
centrally the filaments are irregularly interlaced but at the periphery 
of the colony the filaments tend to be arranged radially. The mycelium 
shows true dichotomous branching but undergoes fr^;mentation veiy 
n^idly so that extensive branchii^; is rare. 

Around the acdnomyces colony, particularly in animal tissues, 
pyriform or club-shaped structiues develop; originally these were 
thought to result from swelling of the sheath at die extremities of the 
peripheral radial filaments. It is more likely diat the clubs represent 
lipoid material deposited from the host tissues around the invading 
filaments. In human lesions club fonnation is lew fir^uent than in 
animals; in tinue sections the dubs are noted to lie radially vnth their 
wide-end outwards and form a complete ring around the ookmy (ray 
fungus). In animal lesions the cltdw nmy constitute the main mofiiiio- 
logical feature of older colonies owing to dqienetiOioa of the myodial 
elements which become fused into stnicturelesa materul in die centre 
of the colony. In m vitro culture the rakrosoopic af^peanimes are 
usually quite difiemnt from tlw tissue forms; the nqfceihim hi 
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incomplete and although some branching filan^ta w aw 
feature is of short badltey forms closely resembling ^hth^td baom. 

The filaments are Gram-positive. ^ cl^ ust^ 
stain Gram-negatively, but are acid-fast and can 1» atamed jMer- 
entially by Ziehl-Ncelsen’s method, using 1 per cent m place of 20 per 
cent H,S 04 for decolorisation. . 

Cultural Characters. — ^Anaerobic or micro-aerophuic conditions are 
required for growth which is also favoured by an increased concentra- 
tion of carbon dioxide. The optimum temperature for growth is 37® C. 
and growth does not occur at temperatures much below the optimum. 
Although growth will occur on nutrient agv it is enhanced if blood 
agar, glucose agar or 5 per cent, serum agar is employed. 

Colonies are raised, nodular, cream-coloured and opaque; they 
show considerable polymorphism but in all cases are firmly adherent 

to the medium. > 

A nhalr** Culture in a tube of nutrient agar reveals a chmctericitic 
distribution of the colonies, which are most numerous in a zone 
10-20 tnm. below the surface, where there is only a trace of free oxygdi 
present and an optimal concentration of carbon dioxide. 

Biochemical Reactions.— are essentially restricted to saccharo- 
lytic anaerogenic activities against a wide range of substrates. The 
species is non-haemolytic, non-proteol 3 rtic and soluble pigments are 
not produced on protein media; neither are insoluble pigments pro- 
duced by growth. 

Antigenic Characteristics. — Strains are antigenically homogeneous 
and quite distinct from strains of Actino. bovis. 

Animal Pathogenicity. — Circumscribed tumour-like granulomatous 
lesions containing colonies of the organism have been produced by 
experimental inoculation of rabbits and guinea-pigs; however, experi- 
mental inoculation does not alwa)r8 give rise to such lesions and when 
they do occur they are neither extensive nor fatal. 

Pathogenesis. — Actino. israelii occurs as a commensal in the human 
mouth and can be isolated from tonsils and carious teeth in 5 per cent 
of otherwise healthy individuals (Sullivan & Goldsworthy, 1940). 

Actinomycosis in man is essentially an infection of the cervko-facial 
region (65 per cent, of cases) with abdominal infections (19 per cent) 
the next most common; other sites, e.g. thorax, akin are also involved. 
In hmnan cases the lesions usually show a suppurative tendency and 
secondary infection with pyogenic cocci is common. The commonest 
avenue of infection is through the mucosa of the mouth or throat and 
fr^uently the lesion is related to a carious tooth or tooth extraction; die 
initial infectiArity of the organism is probably low and tinue invasion may 
occur only when some additional factor, e.g. trauma, is applied. 

Metptatic lesions are liable to occur by blood-stream ^>fead, 
to the kidn^, lung oc brains w: to the liver from a primary intestinal 
lesion, «.g. in the appendix. 

At one time it was thought diat infectummlg^ i>c 
hook grain, since ^gments of the latter were ocessiaiialfo fomid in 
selation to the primary lesion. However A iiin Oi UMsdH is a strict 
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parasite and incapable of a saprophytic existence; hence hunum actiiH)* 
mycosis is now regarded as endogoious in origin. 

There are still some puzzling features in the incidence of the disease; 
males are more commonly affected tiban females (3 : 1) and althou^ 
cases occur at all ages, most fall in the 20-29 yr. group with the 10-19 yr. 
group a close second. Between them these two decades account for 
more than half the incidence. 

Although there is no relationship with bovine actinomycosis, ttple 
agricultural workers are more liable to suffer infection with Aetino. 
isreeUi than men in other occupations (Porter, 1953). 

In addition to the trauma caused by grain in probaMy inciting 
infection in the buccal mucosa, it has long been recognised that dented 
extractions may precipitate infection; similarly appoidicectomy is 
often associated with the onset of abdominal infection. External 
trauma, accidental or intentioiud, has also been noted to precede the 
onset of the disease. 


Laboratory Diagnosis 

If the pus from an actinomycotic lesion is spread out in a thin layer 
in a Petri dish or on a microscope slide, the characteristic colonies or 
granules can be recognised widi the naked ^e. For micros(»pic 
examination the granules in a drop of pus are crushed between two slides. 
In this way films can be prepared and then stained by Gram’s meth^. 

The granules can easily be separated by shaking up &e pus with 
water in a test-tube, allowing them to sediment and collecting diem in a 
capillary pipette. They are then deposited on a slide and films made 
by crushing. Preparations obtained in this way are more satisfactory 
than those made directly from pus in which the granules may be 
relatively scanty. 

Microscopic demonstration of Gram-positive branchii^ filaments 
arranged in the form of a mycelium is generally sufficient for clinical 
diagnosis. 

In tissue l^ions the colonies can be recc^nised by preparing histo* 
logical sections and staining by Gram’s method, and, in the case of 
aniirm l lesions, by the modified Ziehl-Neelsen method described above. 

To cultivate the organism it is essential that actual granules should 
be used for inoculating the meffium. For this purp<^ ffie pus is mibted 
with sterile water, the granules are allowed to sediment or deposited 
by centrifuging and then removed wiffi a pipette; this is repeat^ two 
or three times so that the granules are thoroughly washed. This 
cedure is particularly necessary when diere is mixed infection. Two 
blood-agar plates are inoculated widi the separated granules. One is 
incubated aerobically, the other anaerobically. Tubte of mdted agar 
containing 5 per cent, serum may also be inoculated as shake culturea 
to demonstrate micro-aerophilic growffi. 

Actinomycea bovia 

Morphologically s*"**!*** to Acthu), isnuki', tn culture, colonies are 
V \ 



306 


MEDICAL MICROBIOLOGY 


smoother and softer in consistency and do not adhere to the medium. 
Actino, bovis is more tolerant of oxygen. There is no serological 
relation between the two species. 

Actino. bom is commonly found in and around the mouths of 
healthy cattle and is responsible for local lesions, e.g. lumpy jaw; like 
infection in man, bovine actinomycosis may spread metastatically by 
the blood stream. 

Actinomyces baudetii 

This species was at one time thought to be identical with Actino. 
israelii. Morphologically they are distinctive in that the club formation 
associated wiA Actino. baudetii absorbs basic stains and not acid stains. 
The organism is micro-aerophilic, grows slowly with the production of 
dull, whitish colonies about the size of a pin-head after ^5 d^ 
incubation. 

Actino. baudetii has been isolated from actinomycotic lesions in dd^s 
and cats; it is not pathogenic for man or cattle. 


NOCARDIA 

Apart from the typical actinomycoses, granulomatous and suppur- 
ative conditions occur in animals and man, resulting from infection 
with mycelial organisms of the genus Nocardia. There are more than 
40 species in the genus but the majority are saprophytic; they differ 
from members of the genus Actinomyces in being obligate aerobes, 
frequently chromogenic and often acid-fast. 


Nocardia asteroides {Actinomyces asteroides-, Eppinger’s Streptotkrix) 

Originally isolated from a brain abscess. The filaments are relat- 
iy^ely broad (1 n in diMneter) and very readily break up in culture into 
b^illary foms. They stain Gram-positively and are slightly acid-fast, 
f cultivated aerobically on ordinary media as a 

friable, white, dry, wrinkled or nodular growth, which later becomes 
pigmented (yellow or pink). 


Nocardia fiarcinica {Actinomyces farcinicus or nocardii) 

The orgsmism of bovine “farcy", in which superficial lymph glands 

bec^e swoll^ and ulcerate through the skin. 

The organism shows mycelium formation, but in culture it readily 
fragments mto shorter bacillary and oval forms. A feature of the 
^ the beaded, irregular appearance of the filaments when 

acid lid “ Gram-positive; some strains are strongty 

Mid- and alcohol-fast whilst others are completely decolourised. It 

m^lar* w 1 ^' ordinary media, producing raised 

21m Mlonies after 2-3 weeks. On Lowaistein's 

SSS. ^ colomen appear after 4-5 days’ in- 
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Guinea-pigs are stuceptible to experimental inculation and develop 
nodular or tubercle-like lesions. In cattle, subcutaneous injection leads 
to a localised abscess which breaks through the skin and produces a 
chronic ulcerated lesion. Rabbits are not susceptible to inoculation. 

Nocardia madurae 

One of the causal organisms of mycetoma (madura foot) whidh is an 
infective granuloma usually localised to the tissues of the foot. The 
condition is restricted to certain tropical or sub-tropical countries. 

In the tissue lesion and the pus, granules are noted as in actino- 
mycosis and are usually pale yellow in colour; morphologically Noc. 
tnaduKU resembles Actinomyces microscopically. Colonies are round 
and shiny, early growth is white but changes to yellow and eventually 
pink but pigment production is irregular and unpredictable. Other 
species isolated from cases of mycetoma include Noc, transvaknsis, 
Noc. africana and Noc. peUetieri. It should be noted that in some 
cases of madura foot, the infection is caused by true fungi such as 
Madurella. 


ACnNOBACILLUS 

There are four members of the genus Actinobacillus all of which are 
pathogenic for various animals and one of which, A. actinomycetemcomUans 
is found in human cases of actinomycosis either alone or more usually along 
with Actmo. israeUi. Actinobacilli are small, Gram-negative, non-motile 
rods which rarely grow into filaments. They are aerobic and facultatively 
anaerobic although preferring micro-aerophilic conditions for primary 
isolation. 

Actinobacillus lignieraii 

The cause of slowly developii^ granulomata especially in die soft tissues 
of the lower jaw and neck in cattle; lesions also develop in the tongue muscles 
—so-called “woody-tongue” disease. Unlike actinomycosis, there is htde 
tendency to invade bones and spread is usually lymphatic. 

Strains of Actino, ligniersU identical with those isolated from pathological 
material have been isolated from bovine ruminal contents and horn the 
tongues of normal cattle (Phillips 1%1; 1964) and it would appear that 
infection is endogenous in origin. 
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CHAPTER 2 

CLOSTRIDIUM 

I: THE GAS-GANGRENE GROUP 

The genus Clostridium comprises the Gram-positive spore-bearing 
anaerobic bacilli. Most species of this genus are saprophytes that 
normally grow in soil, water and decomposing plant and amm^ matter, 
playing an important part in the process of putrefaction. Some are 
commensal inhabitants of the animal or human intestine, and a few 
species produce disease. The latter include: CL toeldthf CL septtcum 
and CL oedmatiens, the causes of gas gangrene and other infectioiy^; 
Clostridium tetam, the cause of tetanus; and CL botuUmm, the cause irf 
botulism. With only a few exceptions, the bacteria producing powei^ 
exotoxins belong to this genus. 

The bacilli are typically large, straight or slightly curved tod^ 
3-8 /i by 0 6-1 /i, with slightly rounded ends. Pleomorphism la 
common and a pure culture may contain many forms, including fila- 
ments, citron, spindle-shaped and club forms. Some members of this 
group tend to lose their Gram-positive reaction early in culture, especi- 
^y in broth culture, and may then appear Gram-negative. All pit^uce 
spores but vary widely in their readiness to do so. Information regard- 
mg the shape of the spore and its position in the bacillus is of use in 
classification. CL toelchii and the t)rpe species, CL butyricum are the 
only capsulate members. 

Almost all members of the genus are motile, but CL tpelchH is an 
important exception. Some motile species do not show active motility 
under the relatively aerobic conditions of the usual wet-film prepara- 
tions. These may be examined in tissue fluid preparations following 
animal inoculation. A semi-solid nutrient-agar medium for the 
demonstration of motility is recommended. Stab cultures in this 
medium, freshly prepared with 1 per cent, glucose added to enhance 
anaerobiosis, should be examined frequently before excessive gas 
production invalidates the test. It should be noted that a non-motile 
species {e.g. CL mkhii) may show lateral spikes of growth along 
“faults” extending from the stab line, but the appearance is not likely 
to be confused with the diffuse growth of a truly motile species. 

The Clostridia are biochemically active, frequently possessing both 
saccharol 3 ^c (carbohydrate-decomposing) and proteolytic (protein- 
decomposing) properties. In general, one or other of these activities is 
predominant in any one species, and two groups are thus recognised: 

The Saccharolytic Organisms are characterised by iheir rapid and 
vigorous growth in carbohydrate media with the production of add and 
abun^t gas. Saccharolytic species ferment glucose and mi^, in 
addition, be u^fully examined for fermentation of lactose, maltose, 
sucrose and salicin. In routine sugar fermentation tests a *m*ll im*^ 
nail may be conveniently included in each tube. The should not 
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project above the level of the fluid medium. The indicator dyes in 
such tests become reduced and may be irreversibly decolourised so 
that it is advisable to add a little fresh indicator to the tests when record- 
ing the results or to check their Anal reaction by spot tests on a tile 
with bromothymol blue indicator. When grown in cooked-meat 
broth, saccharolytic Clostridia rapidly produce add and gas but do 
not digest the meat; the cultures may have a slightly sour smell and 
the meat is often reddened. Gas production is not necessarily indicative 
of sugar fermentation, as proteolysis may be accompanied by evdution 
of gas bubbles. 

The Proteolytic Group digest protein and liquefy gdatin and coagul- 
ated serum. Cultures in meat medium cause blackening of the meat, 
decomposing it and reducing it in volume with the formation of foul- 
smelling products. 

Cl. toekhii, Cl. septicum. Cl. tertium and Cl. fallax are examples of 
predominantly saccharolytic Clostridia. Cl. sporogenes. Cl. histofyticum 
and Cl. tetani are proteolytic or predominantly so. There is, however, 
no hard and fast line of demarcation between the two groups. Thus, 
Cl. toekhii has slight proteolytic activity, and Cl. sporogenes some 
saccharolytic properties. 

Morphological and biochemical variations within strains of the same 
species, and indeed within subcultures of the same strain, render 
identification of the clostridia difficult. Whenever possible, the identity 
of a toxigenic species should be confirmed by specific toxin neutralisa- 
tion tests, though it should be borne in mind that non-toxigenic strains 
of toxin-producing species occur. 

Strains may be preserved by freeze-drying or by storage in various 
media. Cooked-meat broth containing chalk and minced cooked 
egg-white is a useful preservation medium. Germination of spores is 
sporadic, especially following heat-resistance tests, and this is con- 
sidered to be due to fatty acids in the subculture medium. The 
inhibitory effect may be reduced by incorporating a little soluble starch 
or serum in the meffium when subcultures are made from preservidon 
media or from heat-resistance tests. 


GAS GANGRENE 

Several members of the genus Clostridism are associated with rapidly 
spread!^ oedema, necrosis and gat^ene of the tissues, and gas pro- 
duction, occurring as a complication of wound infection in man. The 
main source of tiieae organisms U animal and human excreta. They 
were responsible for the gas gangrene which was so prevakmt among 
the armies m Europe during the war of 1914-18 and, thou^ much less 
frequent, was met with in the war of 1939-45. Of more than two 
hundred war cases of gas gangrene infected with a ChttriUm 
species, recorded in 1918 and 1943, Cl. wkM occurred in more titan 
3Opercent.,Cf.<Mu&m<ri(0uin5-17peroent., Cl. hifermetOimt 
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Cl. histolyticum and Cl. fallax each in less than 1 per cent. In 42-60 
per cent, of wounds in these two series, more dian one species of 
ChstriSum were involved. Data obtained in the tvro wars indicate 
that Cl. mkhti occurred most frequently (about 60 per cent, of all 
cases) in gas gangrene, while Cl. oedmatiens and Cl, septicum occurred 
in about 20-40 per cent, and 10-20 per cent of cases respectively. The 
other Clostridia mentioned occurred much less frequen%. 

The infection usually results from the contamination of a wound 
with soil (particularly that of manured and cultivated land), dirty 
clothing, street dust etc., but may also be derived from the nlrin 
especially in areas of the body that may be contaminated with intes tinal 
organisms. Impairment of the normal blood supply of tissue, and the 
presence of devitalised or dead tissue, blood clot foreign bodies or 
coincident pyogenic infection, are factors which promote the occurrenee 
of gas ^n^ene in a wound. The predisposing factors later discuss<|id 
in detail with regard to tetanus (p. 330) are equally applicable in the ca^ 
of gas gangrene. It is particularly important that there should be^ 
delay in treating wounds. In puerperal cases, and especially in case$ 
of septic abortion, the organisms may gain access via the perineum to 
necrotic or devitalised tissues and set up a dangerous infection. It 
should be remembered, however, that a clostridial infection ma y also 
be located in subcutaneous tissue where there has been extravasation 
of blood or an accumulation of tissue fluids. Infection occurs, fre- 
quently in less severe form, in association with ischaemic conditions 
of the extremities, for example in diabetic gangrene. Other less 
severe forms of clostridial infection may occur without the typical 
toxaemia, such wounds having a foul odour and showing evidence of gas 
formation. Moreover, potentially pathogenic anaerobes may be culti- 
vated from a wound that never shows any signs of gas gangrene. 
MacLennan (1943) has classified anaerobic infections on clinical grounds 
^d he recognises (a) simple contamination of a wound with clostridia; 
(b) anaerobic cellulitis, in which muscle is not involved; and (c) 
anaerobic myositis, which includes clostridial gas gangrene but may 
^80 be raused by anaerobic streptococci. Cl. welchU may also be 
involved in infections occurring as a result of extension of the organism 
from the alimentary tract, as in cases of appendicitis or 
obstruction. 


In wounds foere is practically always a mixed infection, so that 
ample pbtmg done is frequently inadequate for diagnostic purposes. 
It must b^mph^ed that the separation and cultivation of anaerobes 
w more dmcult thm is the case with aerobes, but this is partly due to 
me fact ^t techniques for the isolation of anaerobes are not so well 
dewloped at present. While alternate culture on plates and in fluid 
sometimes be necessary before a pure culture is obtained, 
® on selecttve a^ media can yield more information rc- 
SS ^ n 1 mfe^on by any one pathogen. An account 

fvm^I mn methods in general use for isolating and identi- 

^ anaerobes, with particular reference to cases 
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CLOSTRIDIUM WELCHU 
(CL perfiringeiu) 

This is the organism most commonly associated widi gas gangrene. 
There are five types designated A to E and distinguished by the various 
combinations of toxins Aey produce. The classical Cl. toelchU of gas 
gangr^ belongs to type A. The other types are more commonly 
associated with disease in animals. 

Morphology and Staining. — A relatively large Gram-positive bacillus, 
about 4^ fjihy 1 fi, with square or rounded ends, occurring airily or 
in pairs, and often capsulated when seen in the tissues. In sugar media 
the bacilli are shorter, while in protein media they tend to become 
filamentous. The bacilli are non-motUe. Spores are formed, but only 
in the absence of fermentable carbohydrates and abundantly only on 
special media such as Ellner medium. They are typically oval, sub- 
terminal and not bulging, but many bizarre forms are seen. Sporula- 
tion in Ellner medium is very variable, even when different cultures of 
the same strain of Cl. welchii are studied (Cash & Collee, 1%2). 

Cultural Characters . — Obligatory anaerobe. Optimum temperature 
about 37°C. Grows best on carbohydrate-containing media, e.g. 
glucose agar or glucose-blood agar. 

Surface colonies are large, round, smooth, regular and slightly 
opaque disks. Other types of colonies are observed, including one 
having a raised opaque centre and a fiat transparent border which is 
radially striated. Rough flat colonies with an irregular edge resemblk^ 
a vine-leaf also occur. On horse-blood agar the colonies are usually 
surrounded by a variable zone of complete haemolysis, and a wider 
zone of incomplete haemolysis may occasionally develop. 

A variant occasionally produces very mucoid bro^ cultures and 
this yields tenacious colonies on blood agar. 

Biochemical Reactions . — In litmus milk medium, acid, dot and gas 
production result; the gas breaks up the dot, producing the ’‘stormy 
clot” reaction that is produced by almost all strains of Cl. weldm but 
is not specific for this organism. The culture has a sour, but 3 nic-add 
odour. 

Cl. uxlchU is actively saccharolytic and ferments, with gas produc- 
tion, glucose, lactose, sucrose, maltose, starch, and, in the case of some 
strains, salicin, glycerol and tnulin. Mannitol and duldtol are not 
fermented. 

Gelatin is liquefied. Coagulated serum is usually not liquefied. In 
cooked-meat medium the meat is reddened and no digestion occurs. 

Viability. — Cl. welchii spores resist the action of the routinely used 
antiseptics and disinfectants. The spores of classical type A strains 
Cl. welchii are only moderately heat-resistant and will not survive 
boiling for more tbian a few minutes. The ^res of food-poboning 
strains and certain type C strains, however, are markedly heat-resistant 
and may survive boilmg for several hours. 

Toxins . — ^The types of Cl. differ in the combinations (ffvarkHia 
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toxic and enzymic factors which they produce. Several of these facton 
have haemolytic, lethal or necrotising properties and ^ others hav< 
enzymatic activity against biological substrates. The differences arc 
indicated in detail in the following Table adapted from the work oi 
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BroolM, Sterne uid Warrack (1957). It is evident that the types of CL 
teelchU can be differentiated on the basis of their production of the four 
major lethd toxins. Type A strains produce alpha toxin; type B 
strains typically produce alpha, beta and epsilon toxins; type C strains 
produce alpha and beta toxins; type D strains produce alpha and 
epsilon toxins; and type £ strains produce alpha and iota toxins. 

Antitoxin to the types of CL toekhii conomonly encountered in 
disease will neutralise the major lethal antigens of these types as follows: 

Type A antitoxin neutralises only the homologous toxin. 

Type B antitoxin neutralises the toxins of types A, B, C and D. 

Type C antitoxin neutralises the toxins of types A and C. 

Type D antitoxin neutralises the toxins of types A and D. 

The neutralisation tests may be performed by intracutaneous or 
intravenous injection of guinea-pigs or mice respectively, with mixtures 
of toxin and antitoxin. Epsilon and iota toxiiu do not occur in fully 
active form in cultures and these prototoxins require to be activated by 
tiypsinisation of samples of the culture filtrates prior to neutralisation 
tests. A combination of in vivo and in vitro tests Im been recommended 
for the routine typing of CL wekkii (Oakley & Warrack, 1953). 

Intracutaneous Serum Neutralisation Tests in Guinea-pigs . — ^The 
following procedure has been developed at the Wellcome Research 
Laboratories, Beckenham, England, and is recommended: 

Aliquots (0-5 ml.) of bacteria-free filtrate from a 5-hr. cooked-meat 
broth culture are made up to 0-8 ml. quantities by adding nutrient 
broth and 01 ml. volumes of specific antisera as invested below (see 
Table). A similar set of mixtures is prepared after activation of any 
epsilon and iota prototoxins and destruction of any beta toxin present, 
by treatment of the crude filtrate with 0-005 per cent, (w/v) crystalline 
trypsin for 1 hr. at 37° C. The filtrate-antitoxin mixtures are held at 
room temperature for 30 min., and 0-2 ml. of each is then injected into 
the skin of a depilated albino guinea-pig. Reactions are read at 24 and 
48 hr. Death of the guinea-pig is occasionally due to excess epsilon 
toxin and this necessitates repetition with filtrate diluted (1 in 5 or 1 in 
10 ) with broth. The alp^ toxin produces a spreading yellowish 
necrotic lesion on intracutaneous injection. The beta toxin produce a 
purplish necrotic lesion. Epsilon toxin causes a whitish necrotic 
lesion with occasional patches of small purplish haemorriiages, and 
iota toxin produces a circular area of purplish white necrosis vaguety 
outlined witli purple. 

Intravenous Serum Neutralisation Tests m Mice. — ^Two 0*3 ml. 
volumes of each mixture prepared as for the intracutaneous tests are 
injected intravenoudy into pairs of mice which are subsequmtly 
observed for 3 days, llie presence or abs«aoe of the major lethal 
antigens is indicated by death or survival of the appropriate mice. 

Toxfo.— Producoi by all types of CL vdcM but notably by 
type A strains, this is due most important of the lethal todns of ihe 
organism and is conddered to be the main cause of the profound tax- 
^otnia associated with gas gangrene in man. The a4>ha toaan is letiud 
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Toxin-amtitgxin Mixtures employed m Nbutrausatxon Tms $ 

FOR THE TYPING OF CL mlcku ^ 


Substance 

Tested 

Mixture 

Number 

Type- 
Specific 
Antiserum 
added 
(0.1 ml. 
volumes) 

Sterile 

Broth 

added 

(ml.) 

Reactions with CL wekhU type 

■ 

B 

C 

D 

E 

Untreated 

Filtrate 

■ 

A 

A&C 

A, C&D 

03 

02 

01 

i 

+ 

+ 

+ 

— • 

+ 

+ 

■ 

+ 

(±) 

Sli 


5 



(±) 

+ 

— • 

WKm 

+ 

Trypsm- 

6 

A 





+ 

4* 

treated 

7 

A&D 


— 

«_ • 

— • 



Filtrate 

8 

A. C&D 

- 

— 




X 

4h 


(9t 

A&E 


— 

+ 


+ 

ir 

-) 



Toxins identified 

alpha 

beta 

beta 

epsilon 







OL 

epsilon 



\ 


t Often omitted as iota toxin seldom encountered 
- =no reaction (mtracutaneous test) , survival (intravenous test) 

+ = necrotic lesion (mtracutaneous test); death (intravenous test) 

( ± )= variable result ' 

-•-newly always negative either because epsilon is in inactive prototoxin fonn 
or beta toxm is destroyed by trypsin ’ 

> Table amended and reproduced by courtesy of WeUcome Research Laboratories. 

for laboratory animals and it is necrotising on intradermal inoculation. 
It IS relatively heat stable, being only 50 per cent, inactivated after five 
minutes at 100°C. The toim is an enzyme, lecithinase C, In ^ 
presence of free Ca or Mg ions it can split lipoprotein complexes in 
serum or egg-yolk preparations with resulting opalescence. The 
reaction can be inhibited by specific antitoxin. 

It appem t^t the lecithinase also attacks phospho-lipid constituents 
of the red blood cells of various animals, and the alpha toxin is thereby 
memolyttc for the red cells of most species with the exception of the 
horse and Ae goat. The clear zones of haemolysis typically ^ around 
wtomes of classiwl type A strains of CL mlchU grown on horse blood 
agar are produced by the theta toxin and not by the alpha toxin. With 

toxin activity may thus be assayed by several methods, 

T y“v _ tests using egg-yolk emulsion (lecitho-vitellin, 

f- “ " “ indicator, and sheep red cell lysis tests in- 

byT/S^ haemolytic toxins which may be produced 

Clostridia are able to produce opalesc- 
«gg-yolh media, due to Sie produSn of 
precipitates in these media. The 
reaction was first demonstrated with the alpha toxin of CL toelcfmmi it 
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spediicaUy neutralised by CL mlchH alpha antitoxin (but the8eroi(^[ically 
related lecithinase of Cl. bifementam ia also inhibited). 

This reaction has also been utilised for the rapid detection of CL 
toelckU in direct plate culture, and allows a serologically controlled 
identification of the organisms to be made within 20 hours of inoculating 
the plate from the wound exudate (Hayward, 1943). A plate of nutrient 
agar containing 20 per cent, of human serum and 5 per cent of Fil^* 
peptic digest of sheep blood is prepared and dried. On one half of the 
plate (which is appropriately marked) two or three drops of standard 
CL toekhU antitoxin are spread and ^owed to dry. The whole plate 
is then inoculated from the wound swab. On the section omtainii^g 
no antitoxin, CL toelchU colonies show a surrounding zone of opaci^, 
i.e. the Nagler reaction, while colonies of the organism on the remaindn 
of the plate show no change. The use of egg-yolk, 5 per cent., in place 
of serum is recommended. Further developments of this type of 
medium have included the incorporation of neomycin sulp^te to 
inhibit aerobic sporing organisms and coliforms (Lowbury & Lilly, 
1955) ; lactose and neutral red to indicate lactose-fermenting organisms, 
and milk as an indicator of proteolysis (Willis & Hobbs, 1959). Results 
of culture on Willis and Hobbs’ complex medium can be variable and 
are occasionally confusing. For this reason, a simpler selective medium 
such as that of Lowbury and Lilly is preferred for routine use. 

Beta Toxin. — ^Types B and C produce this toxin, which is lethal 
and necrotising. Intrademud inoculation in the guinea-pig produces 
a purple-tinged necrotic area which is almost circular in &e case of 
type C filtrates but, with type B filtrates, is more extensive and irr^;ular 
in shape due to the associated hyaluronidase produced by type B 
strains. 

Epsilon Toxin. — ^This is produced by type B and D strains as a 
prototoxin which is thereafter activated by proteolytic enzymes. It is 
lethal and necrotising and its activity is largely dependent upon the 
presence of an activating enzyme and an alkaline environment. Fil- 
trates may be trypsinised before assay. 

Iota Toxin. — Only type E strains produce this toxin, which is also lethal and 
necrotising and, like epsilon toxin, is formed as a prototoxin which is then 
activated by prote(^tic enzymes. 

Theta Toxin.— Tbis is an oxygen-labile haemolysin which may be idated 
to streptolysin O. It is produced by most strains of Cl. ddcAn, types A-E; it 
» not produced by typi^ food-poisoning strains or by strains associated with 
enteritis necroticans in man. It lyses the red cells of the horse, ox, sheep and 
rabbit, but is virtually inactive against mouse erythrocytes. Mamy animal 
aera inhibit theta toxin and, while this may be due to contained antibodies, it 
>8 known that tissue lipids and cholesterol inactivate it Theta toxin is adsorbed 
on to meat particles so drat strains assayed for dieto production must be 
grown in m^um free of meat partides. Culture supernatants (uofiheted, 

the toxin is omen-sensitive) are then titrated for haemolyBing activity 
Against horse ted in die presence of alpha antitoxin and under redudng 
conditions. 

Theta toxin is also a ledial toxin. 

Gamma taem is a minor ledud toxin. 
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Delta toxin is lethal. It is haemolytic for the red cells of even-toed ungul* 
ates (sheep, goats, pigs, cattle). 

Eta toxin is said to be an insignificant lethal toxin. 

Kappa toxin is a collagenase which attach native collagen as well as hide 
powder and gelatin. It may be this toxin which causes the softening of muscle 
connective tissue associated with gas gangrene. 

Lambda toxin is a proteinase and gelatinase. It will decompose hide 
powder, but it does not attack native collagen. 

Mu toxin is a hyaluronidase. 

Nu toxin is a deoxyribonuclease. 

Other Enzymes, — CL wekhii cultures have been shown to possess other 
enzymatic properties. Enzymes are produced, particularly by some t5rpe B 
strains, which destroy blood-group substances. The organism also renders 
red blood cells inagglutinable to the myxoviruses (Chap. 33), probably by 
destroying virus receptors at the red cell surface. This is thought to be due 
to a receptor-destroying enzyme (neuraminidase) similar to that of Vprio 
cholerae, CL welckii renders red blood cells panagglutinable by expelling 
their T antigens so that they lose their specificity and react with any 
ABO antisera. A diflFusible haemagglutinin elaborated by CL welckii caubes 
agglutination of the red blood cells of man and most animals. It is produced 
by some strains after prolonged artificial subculture, but it is not produced 
by freshly isolated strains. It has been claimed that virulent strains of Cl 
welckii produce an aggressin which has been named “ bursting factor This 
agent has not yet been adequately characterised. 


Animal Pathogenicity,— The virulence varies greatly with different 
strains. Some are markedly pathogenic to guinea-pigs by subcutaneous 
or intramuscular injection of 1 ml. of a 24-hour culture in cooked-meat 
broth into the thigh, and the animal may die within 24 hours. A 
control animal may be protected by a prior injection of CL zoekhU 
antitoxin, e,g, 300-500 units. At autopsy, a spreading inflammatory 
oedema with gelatinous exudate and gas production is noted in the 
subcutaneous tissue; necrosis occiirs in the underl 3 nng muscles which 
are sodden, friable and pink. Organisms from cultures washed with 
saline solution to free them from toxin and other soluble products 
are practically non-pathogenic. The products of growth of the bacillus 
increase its aggressiveness and, as toxin production occurs during 
early growth, young cultures should be used. The pathogenicity of a 
strain nuy be further enhanced by incorporating an equal amount of 
a sterile 5 per cent, solution of calcium chloride in the inoculum immedi- 
ately b^ore mjection. Pigeons are exceedingly susceptible to experi- 
mental inoculation of CL welchu, ^ ^ 

Occurrence.— Apart from its pathological r^tionships, CL toelckii 
ocxms normally m the large intestine of man and animals; its frequency 
m the human mtestine approaches 100 per cent It may inviuie the 
b^d ante-mortem and, multiplying in internal organs after death, 
produces the smaU g^ cavities sometimes noted (e,g. in the liver) at 
post-mortem examinations. v ^ u ^ 

(a ^ections, it may occur in uterine infcctioM 

occasionaUy gains access to the blood stream 
trom this site, producing intravascular haemolysis with sul»eqtien‘ 
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oliguria or anuria. Cl. to^ddi also occurs in infections of the intestinal 
tract when these extend locally or generally. 

CL welchii Food<{>oi80iiiiig 

Strains of CL teeldiii, conforming in most respects to type A but 
producing non-haemolytic or feebly haemolytic colonies on horse- 
blood agar, are associated with a mild form of food-poisomng (Hobbs 
et al, 1953). Spores of these strains are markeuiy heat-redlalant, 
surviving boiling for several hours. Non-haemolytic strains of CL 
nelchU occur frequently in human faeces (CoUee, Knowlden & Hobbs, 
1961), but carrier rates for '^typical food-poismmg stramd*, i.e. non- 
haemol}^c on horse-blood i^;ar and produdng spores which resist 
boiling in cooked-meat broth for one hour, rai^ from 2*2 per cent, 
in the general population to 20-30 per cent in hospital personnel md 
patients. Food-poisoning strains of CL welchii are thus widely dis- 
tributed, occurring in the faeces of healthy man and animals. The 
vehicle of infection is usually a pre-cooked meat food that has been 
allowed to stand at a temperature conducive to the multiplication of 
CL welchii. While the heat-resistance of spores of food-poisoning 
strains ensures their survival in cooked foods and presumably accounts 
for the association of these potentially heat-resistant strains with most 
of the reported outbreaks of CL welchii food-poisoning, similar trouble 
can be caused by classical heat-sensitive /3-haemolytic strains which 
may gain access to food durii^; the coolii^ period under conditions 
suitable for their subsequent multiplication (McKillop, 1959), but it 
may be that these were not type A strains (see Warrack, 1%3). The 
mechanism of CL welchii food-poisoning is not fully understood. 
Ingestion of large numbers of the viable organisms in contaminated 
food appears to be necessary (Dische & Elek, 1957). Typical symptoms 
are abdominal cramps beginning about 8-12 hours after ingestion, 
followed by diarrhoea. Fever and vomiting are not typically encoun- 
tered. The condition is usually transient and symptoms normally 
subside within 24-48 hours. 

The Bacteriological Diagnosis of CL welchii Food-poisoning. — ^This 
involves the isolation of typical food-poisoning strains from faeces of 
patients and those at risk and from the suspect^ food. (1) laolatkm of 
these strains from faeces is facilitated by their being present in ^re 
form. A portitm of faeces is carefully emulsified by coating a swab willi 
the faecal specimen and stirring this into a tube of cooke^meat broth. 
The inoculated tube is then hdd in a steamer at 100° C. for an hour, 
cooled and incubated overnight at 37° C. If heat-resistant CL wddiU 
» present, a virtually pure culture will frequently be obtiwed by this 
simple procedure and pure subcultures can readily be obtaiited on solid 
media. If large partides of faeces are imtially inoculated into the tube, 
however, many organisms are protected from the heat and.wrvnre to 
produce a very mixed culture induding non*«p(M!ing oi:;|8nihmB. Even 
'>^hen a pure culture of Cl. weldm is obtained, tiie roiult is of np <|uantt- 
^tive significance; direct plating procechires on scfodxve nwdla (see 
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below) are of value m uu* 

poisoning strains from food by selective u tM^f^meeeMfii] 

because spores of C/. toelckS are not noimaHy abundant m food. The 
vMctstive organisms are recovered by 8e«*JiTO ^re methods. 
Wekbed Maples of the suspected food should id^y be macerated 
and suspended in broth. Measured volumes are then pipetted on to 
selective media such as Lowbuiy and Lilly s m^um, or an e^-yollt 
agar medium containing 70/ig. of neomycm sulphate per ml., or horse- 
blood agar containing this concentration of nwinycin. Suspected 
colonies are counted and further identified. Typical strains show lack 
of true haemolytic activity on horse-blood agar because, although they 
produce lecithinase which may cause zones of doubtful haemolysis, they 
do not produce theta toxin which is the cause of the complete ^-haemo- 
lysis typical of the colonies of classical strains grown on horse-bbod 
agar. In order to demonstrate the heat-resistance of food-poiso^ng 
strains, it is necessary to produce sporing cultures, e.g. in ElBjier 
medium. Samples of sporing culture deposits are then held in cooh<^d- 
meat broth at 100° C. for an hour, cooled and thereafter incubated. 
As many strains do not produce spores readily, this is often a laboriotig 
task. Final identification of the serological type of a typical food- 
poisoning strain is done by slide agglutination tests of colonies taken 
from blood-agar cultures and tested against a range of 13 agglutinating 
antisera prepared against different food-poisoning strains (Hobbs' 
types).^ Untypable strains are not infrequently encountered. 

It should be noted that the above methods are those in current use 
for the detection of typical food-poisoning strains of Cl, toekhn^ but 
they automatically exclude heat-sensitive strains. If large numbers of 
classical strains of jS-haemolytic CL welchii are isolated from suspected 
food by quantitative methods, this finding should not be dismissed 
solely because the organism does not conform to the criteria of typical 
food-poisoning strains. On the other hand, the isolation of large 
numbers of classical j3-haemolytic strains of CL tvelckii from faeces ia 
of no significance as regards CL welchii food-poisoning. Warrack 
(1963) made a plea for more general typing of CL welchii^ particularly 
in investigations of food-poisoning caused by this organism. 

A sub-group of CL welchiL type C, has been report as the cause ol 
a conation occurring in Germany affecting man and named mteritii 
necroticans. The spores of these strains, originally referred to as Cl 
welchii type F, are markedly heat-resistant. 


Infections in Animals,— Type B strains cause lamh dysentery. The diaeas^ 
is characterised by an enteritis, occurring within the first week of life, aiic 
dea^ is due to toxaemia as a result of absorption of the toxins produced 
i^titoxic serum has been utilised with great success in the prophylaxis of thi 
dise^,^ the lambs being injected as soon after birth as possible. Ewes nw) 
also be immunised during pregnancy with toxoid or with a formolised culture 
a second dose being given 14 days before lambing. The antibodies producc< 





CLOdTttDDlUM SBrTICtrH 319 

such M® conviqwd to the lamb in tiie ooloetniiii. A iriimUnr 

^sease occur* in 

CL wldi^i ^ associated wi^ an enterotoxaemic disease o£ sheep 

luiown in K^t s« ***ti^” and oc(»ning also m Wales. Enterotoxaeiinas 
associated with Ci* mwnu^ tjpe C* have been reported in lambs an d calves 
in U.S.A.; and m pi^eta m England. 

A aimto disease of shero, infectious enterotoxaemia, is due to CL teOM, 
type D. This 18 a sporadic disease which is well known in Great Bdtain snd 
has been reported in Australia wd America. Pulpy kidn^ disease is also due 
to Cl. toeldm, type D, and this is predonunandy an acute and fatal of 

young lambs (three to eight weeks old), though older sheep may be afiected. 
The disease 18 usually associated with overeating or high-levdi and 

IS characterised^ by sub-endocardial haemorrhages with excess pericardial 
fluid. Appropriate^ methods of active or passive immunisation may be carried 
out against these diseases, as in the case of lamb dysentery. Type E strains 
cause enterotoxaemia of calves. 


CLOSTRIDIUM SEPTICUM 
(Vibrion septique) 

Morphology and Staining . — Moderately large bacillus, with rounded 
ends, about 3-10 [i by 0-6-1 /a. Motile, with peritrichous flagella. 
Tends to grow also in the form of long curved filaments. In the tissues 
it develops into large, swollen. Gram-positive “citron bodies”. Spores 
arc readily formed and are ovd, central or subterminal, and “bulging”. 
Cl. septicum stains Gram-positively as a rule, but degenerate forms are 
Gram-negative. 

Cultural Characters . — Obligatory anaerobe. Optimum temperature, 
37® C. Capable of growing on ordinary media. Glucose promotes 
growth. 

Surface colonies are irregular, transparent, droplet-like colonies, 
later becoming greyish and opaque, with projecting radiations some- 
what like those of Cl. tetani. On blood agar haemolysis is observed. 

Agar stab. — white line of growth with short, lateral processes. 

Biochemical Reactions , — Litmus milk medium. — Slight acid is 
formed, and the milk is slowly clotted, but often the change is slight. 

Various sugars are fermented, e.g, glucose, lacttoe, maltose and 
salicin, but not mannitol. Sucrose is not usually fermented. 

Gelatin is liquefied. Coagulated serum is not liquefied. In cooked- 
meat medium the meat is reddened and not digested. 

Antigenic Characters . — ^Amlutinations involving somatic antigens 
<li3tinguish four groups whum can be fiirther subdivided on the basis 
of H antigens. There is considerable antigenic cross-relationship to 
01. chauvoei. 

An exotmdn with lethal and haemolytic pre^pe^es, the a4)ha tmdn. 
^ be demonstrated in cultures, and a specie antitoxin can be obtaitied 
I '’y immunising animals. The beta toxin is a deoaryiibomidbase, the 
I pnuna toxin is a hyahironidase, and the ddta toxin is an oxyg(m4abtle 
|Qaemoiyaia. A iKbrinolysin has also been rqxnted. DsfinStiroStd^ 
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(1951) considered that a haemagglutinin produced by Cl sepHam is 
non-diffusible. 

Animal Pathogenicity . — Subcutaneous injection of cultures in Iab> 
oratory animals produces a spreading inflammatory oedema, with aKgb^ 
gas formation in the tissues. The organisms invade the blood and the 
animal dies within a day or two. Smears from the liver show long, 
filamentous forms and also citron bodies. 

Occurrence. — Cl septkum is associated with gas gangrene in 
It is responsible for braxy in sheep (see below) and for maUgnant oedema 
following wound infection in catde and sheep. Gas gangrene due to 
Cl. septicum is quite common in pigs. The organism may also be the 
cause of some cases of blackleg in cattle and sheep. 

Epidemiology . — ^The primary habitat is the soil. Areas with large 
niunbers of spores of CL septicum appear to be associated with a bi feh f f 
incidence of Cl. septicum infections in man and animala thai^less 
heavily infected areas. U 

Labwatory Diagnosis.— The microscopic appearances, cultutal 
acteristics and the results of pathogenic!^ tests in guinea-pigs allovlr of 
imtial identification. Differentiation from Cl chauvoei may present 
difficulties and is discussed later (p. 326). 

Braxy is an acute fatal disease of yearling sheep characterised by a haemor- 
rhagic inflaiMiatory lesion of the abomasum. The disease is invariably 
associated with a Cl. septicum infection, and although it has not been repro- 
duced experimentally the successful prophylaxis achieved with a formolised 
culture vaccine suggeste that Cl. septicum is the organism responsible. The 
orgasm is thought to invade the mucous membrane of the abomasum, nnH»r 
ronditions of stress, when it multiplies rapidly and gives rise to rapid death 
from a toxannia. Braxy appears in the late autumn or winter and is almost 
entuely contoed to lambs bom in the previous spring which arc outwintered 
on hill grazings or old lowland pastures. The disease does not occur if the 
flock IS moved to new pastures on arable far ms , 


CLOSTREDIUM Ol^EMATlENS 
(Clostridium novyi) 

This Gram^-positive bacillus resembles Cl leelchU in morphology, 
but 13 scmewhat larger and more pleomorphic. It possesses peri- 
trichous f^ella, but its motility is not active and U inhibited in the 
pre^nce of ^gen. The spores are oval, central or sub-terminal. 

an^ t "Jonies "e trahsparent, flat, irregular 

and tend to fuw, formmg a spreading film of growth. Culturw on 
blood ^r produce slight haemolysis. Very small motile “dauAter 

f T medium and break S«y 

* large pwent colony. Colonies on heated blood agar 
gr^ halo and colonies on heated blood agar with 

Some 

media such as blood a^, especially if the medium is not freaUy 
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pfejMured* The a ddttioa of fresh Iweux inhiskm to the medUum is 
recommouied by Snailh (1955). Primary isolatkia of each Mxsms may 
only be accomplished by resorth^; to deep shake cukutss in triiich 
colonies appear as small, irregular, ^‘woolly” or “snotp-flake’*-like bails'^ 
of growth. 

Litmus milk medium— late clotting may occur without d^esrion. 

The organism is actively saccharolytic and ferments certain sugars 
including glucose and maltose. 

Gelatin is liquefied. Coagulated serum is not digested. In cocdbed* 
meat medium the meat is reddened but not digestnl. 

Type A strains produce a peariy layer or iridescent film rgg-yolk 
media; this is presumably caused by the epsilon toxin, a fipase, pro- 
duced only by type A strains. 

Antigenic Characters . — ^Four different serok^;ical types, A B, C and 
D, have been defined and these differ in the distribution of various 
soluble antigens. 

Virulence . — Culture filtrates are highly toxic and possess haemolytic 
and lecithinase activity in addition to necrotising and lethal properties. 
The organism produces a natural infection in a wide range of animals. 
T 3 rpe C strains are thought to be non-toxic. 

Patlu^enesis. — Cl. oedentatiens is associated with a markedly toxic 
form of gas gangrene in man. The organism causes gangrenous infec- 
tions in animals, e.g. “Big head” in rams in Australia. It also causes 
“Black disease” among sheep in Australia and New Zealand. This 
condition, which has been observed in Scotland, is activated apiparently 
by the invasion of the liver fluke. A fatal necrotic hepatitis supervenes. 
Type D strains {Cl. haemolyticum) produce red-water disease (infectious 
icterohaemoglobinuria) in cattle. 

Prophylaxis . — Recommended procedures for the prevention of 
Black disease in Great Britain include fluke eradication and llie use of 
an alum-precipitated vaccine in late summer. 

Laboratory Diagnosis Gas Grangrene 

The bacteriological diagnosis of gas gangrene is usually combined 
with a general bacterblogical examination of the infected wound with 
which ^is condition is associated. It is convenient here to give qiodal 
reference to the recognition of the anaerobic badlli. 

Specimens of exudate should be taken jErom the wound, partacuhafy 
from the deeper parts and from parts where the infectkm seems to be 
most pronouncetL These may be obtained in capillary tubes, but 
sterile swabs (similar to throat swidss), rubbed over the wound surface 
and soaked in the ocudate, serve well for the purpose. 

Two vmi» should be taken from the wound, one bf whidh is used 
lor film preparations, the other for culture. If there ore aloogh* 
rotic tissue prewmt in the wound, small pieces du^d be placed in a 
sterile sctew-omped bo^ and used far microaoo^ emnwatloo end 
culture. 

Mkrmopicd Examnathn . — Films are made in the vmmi wnf and 

X 
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sttdned by Gram's method. If gas gangrene is present, Gram-positive 
bacilli may predominate, although Cl, oedematiais may appear to be 
r^tively scanty in the wound exudate, even in an active infectioou 
Thick, rectangular, Gram-positive bacilli suggest the presence of Cl. 
tvelchii, Cl. fallax or Cl. Ufermentans-, “citron bodies”, boat- or leaf- 
shaped pleomorphic bacilli with irrregular staining may indicate Cl. 
septicum; slender bacilli with round terminal spores suggest Cl. ieUm 
or Cl. tetanomorphum] Cl. oedematietts occurs in the form of large badlli 
with oval subterminal spores. 

Cultures. — In addition to the media routinely inoculated for the 
detection of aerobes, the following media should be inoculated: (a) 
blood-agar plate to be incubated anaerobically; the surface should be 
well dried before inoculation to prevent spreading of colonies of certain 
anaerobes. If the agar content of a solid medium such as blood agar is 
increased to 4‘5-6*0 per cent., depending upon the brand of agar us^ 
and the other constituents of the medium, the spreading tendency ^Kf 
organisms is inhibited. Although the concentrated agar does not pre^ 
vent the growth of any species, colonies tend to be smaller and morpho^ 
logically atypical, {b) Plate of Lowbury and Lilly’s medium or a good 
nutrient agar containing egg-yolk (5 per cent., v/v) and neomycin 
sulphate (70-100 /ig. per ml.), (c) Two tubes or bottles of cooked-meat 
medium; after inoculation, one is heated for 30 min. at 65° C. to 
kill non-sporing organisms; for the cultivation of Cl. oedematiem it has 
been recommended that a third tube or bottle should be inoculated 
with a broth emulsion of exudate or tissue which has been heated for 
5-10 min. at 100° C. 

The anaerobic plates are examined after 24 and 48 hours’ in- 
cubation. It must be remembered that these may yield growths of 
various facultative anaerobes as well as the strict anaerobes. Com- 
parison of the aerobic and anaerobic plates affords some indication of 
the presence of strictly anaerobic orgasms in the wound exudate, but 
any suspected anaerobe must later be tested in subculture to ensure 
that it is unable to grow under aerobic conditions. (It may be noted 
that Cl. tertium and Cl, histolyticum can grow to some extent under 
aerobic conditions.) The colony characters of suspected anaerobes on 
the blood-agar plate are carefully studied with the naked eye and 
plate-culture microscope, and films are made and stained by Gram’s 
method; this may give some preliminary information as to the type of 
anaerobe. Each type present must be isolated in pure culture for 
further ei^ination, e.g, fermentation tests and animal inoculation. A 
table of differential characters is given on pp. 338 and 339. The lactose 
egg-yolk milk-agar medium developed by Willis and Hobbs is useful 
for the preliminary examination of pure cultures of clostridia but results 
tend to vary with different batches of this medium. It indicates lactose- 
fermentii^ colonies; lecithinase-producing colonies produce a narked 
zone of opales^ce extending b^ond the colony (Na^er effect); and 
zones oi clearing develop around proteolytic colonies. Opalesocnce 
restricted to the medium underlying a colony and associated with an 
overlying iridescent “pearly-layer” appears to indicate lipase aettvi^* 
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In the cooked-in»t medium both aerobes and anaeibbea flouryi, 
but this growth is useful for later subculture should the plate cultures 
fail to yield successful isolation of orgaidsms present in t)^ wound. 
Film preparations also yield further information as to the morp^ 
logical types of organisms growing in it. 

AddUional Methods . — ^Anaerobes may be isolated in deep i^-shake 
cultures. Four or five serial decimal dilutions of foe exudate are 
prepared in broth, and each of these is used to inoculate melted 
kept at 45° C., wfofo is then allowed to solidify in tubes. Folfowm^ 
incubation, one of foe dilutions will show colonies sufficiently st^parate 
to allow of single^lony subculture by meam of a capillary pipette, 
after cutfoig foe tube transversely. A convenient, alternative method 
is to take up foe melted agar after inoculation in stefoe capillary pipettes 
stoppered with cotton-wool, foe capillary ends beii^; then sealed and 
foe pipettes incubated horizontally. 

Certain reducing agents may be used for rendering fluid media 
anaerobic in foe bacteriological examination of wounds, etc. — ascorbic 
acid (01 per cent), sodium thioglycollate (01 per cent), reduced iron 
and iron strips, and these may be adopted advantageously in routine 
vrork vrith foe anaerobic organisms. 

Prophylaadis of Gas Gangrene.— A polyvalent serum is available 
for prophylactic use and for treatment of cases in which foe causd 
organism ^ not been determined. The prophylactic dose, given intra- 
muscularly (or in urgent cases intravenously), is 10,000 international 
units CL wekkU antitoxin, 5000 units Cl. sepUam antitoxin and 10,000 
units Cl. oedematiens antitoxin. The therapeutic dose, given intra- 
venously, should be at least three times foe prophylactic dose, and foe 
administration should be repeated as necessary. Monovalent sera are 
also available for foe treatment of cases after foe causal or ganism has 
been identified. Reactions to antitoxin administered intravenously may 
be severe and precautions should be taken (p. 335). 

Chemotherapy. — ^Much work on foe antibiotic sensitidties of 
numerous clostri^ isolated from wounds suggests that foe or^ of 
activity of foe common antibiotics is, in ^eral, tetracyclines > peni- 
cillin > chloramphenicol (Garrod, 1958). However, many factors 
must be considered in foe antibiotic treatment of clost ridial jof eet ionff 
in addition to in vitro proof of antibiotic sensitivity (MacLennan, 1962). 
Adequate clinical evidence is lacking, but in foe treatment of gas 
gangrene, penicillin is widely used and may be administered together 
with a tetra^dine. There is no evidence dF antagonism. I^o^lactic 
administration of penicillin (400,000 units each of potassium and pro- 
caine penicillin, repeated at intervals of six hours) in cases of serious, 

, contaminated wounds, hm largely replaced the pn^hyhml^ use of 
gas-gangrene antisera. The use df an antibiotic in ^ manner nmst 
never preclude prompt and adequate wound toilet. re- 

commended that severe wounds considered liable '"to ps ganpone 
demand intravenous gas gangrene antiserum in addtW to meticitloui 
ddbridemoit plus local and parenteral penidllin. 
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CLOSTRIDIUM SPOROGXNES 

This Gram-positive motile bacillus is very widely distributed in 
nature and is generally regarded as a harmless 8aproph3^e. It is about 
the same size as Cl. mkhii, but more slender. Gram-negative forms 
are frequent in older cultures. It forms oval central or subterminal 
spores which may be highly resistant so that the organism is frequently 
encountered in mixed cultures in the laboratory, even after preliminary 
heating of these cultures to select heat-resistant pathogens. Its spores 
may survive boiling for periods of 15 min. up to 6 hr. 

Cultural Characters . — Surface colonies may present a “medusa-head” 
appearance (cf. B. aathracis) if the plate is dry. Young colonies may be 
small, circular, raised and slightly opaque, but these soon produce out'** 
growths and the spreading margin of the colony becomes irregular with 
feathery outgrowths. On horse-blood agar the colonies are haemolytich 
irr^ular and transparent with some central opacity where the colonic 
are raised. Shake colonies show as “woolly” balls of growth. A stab 
culture develops, like that of Cl. tetani, with lateral spikes. 

The organism decomposes protein, producing amino-acids, am- 
monia, sulphuretted hydrogen, etc., and cultures have an excee^gly 
putrid odour. 

Milk — ^the casein is precipitated and digested. 

Gelatin and coagulated serum are liquraed. 

Meat medium — ^the meat is blackened and digested. 

Acid and gas are produced from some sugars, including glucose and 
maltose. Lactose and sucrose are not fermented. 

Occurrence. — Cl. sporogenes is a ubiquitous saprophyte and also 
occurs in the intestine of man and animus. It is frequently isolated 
from wound exudates in association yith accepted pathogens. While 
its presence may accelerate an established anaerobic infection by 
enbmcii^ local conditions, it is not regarded as a pathogen in its own 
right 

In pure culture it is virtually non-pathogenic to laboratory animals. 

Closteidium histolyticum resembles Cl. sporogenes and is actively 
protrolytic but iion-saccharolytic. It is not a strict anaerobe. In meat 
medium, digestion occurs wiA the formation of white, crystalline masses 
conasting of tyrmine. When cultures arc injected into animals, in vm 
digestion of the tissues results. This organism is pathogenic and produces 
an exotoxm.^ It may be associated with gas gangrene in man. 

Clostridium Mfermentaua. — Some workers consider species dis- 

dnct from Cl, sordeUii, but the names are virtually synonymous. The latter 
title is frequendy reserved for pathogenic strains (see Table, p. 338). The 
organism produces spores readily and abundandy and these are usually oval 
and centru or subtenmnaL The name hifermentans refers to the organism’s 
al^W to decompose both sugars and proteins. It does not ferment lactose 

CL fselch^ A ledthin^ is produced which is serdbgicaUy related to 
the alpha toxin of Cl. teelekH. Pamogenic strains a^ produce a 1e*b*l toxin 
and are occasionally associated with wound infecdons to man at^ disease in 
animals. 
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Clo«tri<Uuiiii jEedlax resembles CL wdchU in some reeqpects, and imsome^ 
times been mistaken for it (hence the name ^^fa]lax’')« It is» bomver^ diotter 
and more slender. The spores are itsusUysubtermixial. In milk, the organism 
produces clotting and gas formatbn, but these changes take place sl^k (ae 
compared with CL tvekhii). It does not liquefy either gelatin or coagulated 
serum, and is non<-proteolytic. It possesses saccharolytic properties. An 
exotoxin is formed, and when freshly isolated the organism is pathogenic on 
experimental inoculation in animals. 

ClMtricUum terthim. — ^This organism tends to be long and slender. It 
is weakly motile. The spores are terminal and, when fully developed, oval 
in shape. It is not a strict anaerobe. The organism shows active aaccharO*- 
lytic properties. In mUk, acid is formed with ^ produedon and dow 
clotting. Meat is reddened, but not digested. Neither gelatin nor coagulated 
serum is liquefied. Its pathogendty is doubtful, but when present in 
wounds, it may give rise to gas production. No exotoxin is produced. 


CLOSTRIDIUM CHAUVOEI 
(Clostridium feseri) 

This is the causative organism of most cases of quarter evil (blackleg, or 
symptomatic anthrax) in cattle and sheep, a disease characterised by a 
swollen and emphysematous condition of the subcutaneous tissues and 
muscles. The infection frequently affects the fore- and hind-quarters, 
which become dark or almost black in colour. 

Morphology. — Resembles closely CL septicum. Individual organisms tend 
to occur singly or in pairs, and not in long filaments. “Citron bodies’* may 
be seen in the tissues. The bacilli are motile, with numerous peritrichous 
flagella. Spores are usually central or subterminal in position, elliptical in 
shape, and are broader than the bacillus. 

Cidtural Characters. — Strict anaerobe ; optimum temperature, ZT C.; 
but grows at room temperature. Grows poorly on ordinary medium and a 
blood or meat medium is preferable. Liver infiision aids growth. 

CL chauvoei ferments glucose, lactose, sucrose, maltose, but not naannitol, 
salicin or inulin. 

Antigenic Characters. — somatic antigen is common to all strains. 

Flagellar antigens distinguish two groups. Cross-reactions with CL 
septicum occur. 

A lethal exotoxin is obtained in glucose-broth cultures, espedally if 
calcium carbonate is added to neutralise the acid produced. Culture- 
filtrates are also haemol)rtic. 

Occurrence and Pathogenicity. — ^The disease occurs in cattle and she^. 
CL chauvoei infection has also been reported in pigs and in fresh-water 
The organism is pathogenic for guinea-pigs and mipe, these animals dying 
24-36 hours after experimental inoculation. It has been supposed that the 
natural disease results from infection of a wound by the s^res Rdiicfa may 
be present in the soil of infected pastures. In cattle, infection usuaHy 
takes place through the ingestion m spores with the fodder or drinking- 
water, and although the distribution of the lerions suggests a focus of in- 
fection in the musculature, the disease is seldom associated with a hbtory of 
wounding. In sheep, on the other hand, most cases arise from wound in^ 
fection (shearing, castratio^ dodcing, vaccination, and dog bites) and also 
m connection vnth parturition. 
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hiboraioiy Diagnosis, — Cl. septicum may also bo re^ponsiblo for a oondi-' 
tioQ similar to blackleg. 

In the differentiation of Cl. septicum and Cl. dumvoei, stress has been 
laid on the morphological elements seen in infected goinea-ings : € 1 . duama 
ambits “ citron ” and club-shaped forms, but no elongated filaments are 
observed on the peritoneal surface of the liver of inoculated animals, as in the 
case of Cl. sepHcum. Cl. chauooei ferments sucrose but not salidn; Cl. 
septicum ferments salicin but not sucrose. The two organisms, however, are 
closely related. Specific antisera have now been conjugated to different 
fluorescent dyes at the Wellcome Research Laboratories. Direct microscopic 
examination of tissue smears stained by these conjugates and illuminated 
by ultraviolet light ^ows prompt differentiation between CL septicum and 
Cl. chasnmei infections (Batty & Walker, 1963). 

Prophylaxis.— k formolised whole culture of Cl. chauvod in broth has 
been used as a vaccine with successful results. An antitoxic serum has be(|n 
used for therapeutic purposes. ' 

I 
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CHAPTER 28 

CLOSTRIDIUM 

n. THE ORGANISMS OF TETANUS AND BOTULI^ 

TETANUS 

Tetanus occurs in man and animals when a wound is infected with 
Cl. tetam under conditions that allow the organism to multiply and 
produce toxin. Absorption of the toxin leads to hyperexdtability of 
voluntary musculature. The disease is thus characterised by increased 
muscle tonus and exaggerated muscular responses to trivial stimuli. 
Trismus occurs when the muscles of the jaw are affected and, as this 
is quite frequently an early sign of tetanus in man, the disease is some- 
times called lockjaw. 


CLOSTRIDIUM TETANI 

The causative organism of tetanus in man and animals. 

Morphology. — A straight, slender, rod-shaped oiganism, 2-5 fi by 
0'4-0‘5 fi, with rounded ends; shorter forms and longer filaments are 
also noted; motile, with numerous long peritrichous flagella. Move- 
ment is not markedly active. The spores, early in development, may 
produce an oval and subterminal enlargement. The fully developed 
spore is characteristically terminal and spherical, two to four times the 
diameter of the bacillus, producing the drum-stick appearance which is 
a striking morphological feature of the organism. Strains va^ in their 
tendency to produce spores. If sporing forms are scanty in normal 
culture media, the strain may be encouraged to produce spores by stab 
subculture in a tube of horse-flesh digest agar with 1 per cent, glucose, 
incubated for two to three days. 

iStotmatg.— Gram-positive, but there is considerable variation and 
Gram-negative forms are frequently encountered, especially in broth 
cultures. Only the periphery of the mature spore is stained by the 
Gram counterstain. 

Cultural Characters.— Axi obligatory anaerobe; temperature range 
14 ®« 43 « c.; optimum, 37° C.; grows on ordinary nutrient media but 
is more readily grown in cooked-meat medium or in Fildes* peptic 
blood broth. 

On solid media, surface colonies of the normal motile ty|w of tetanus 
bacillus are chanunerised by their Icmg brandling projecttona. After 
48-'72 hours’ incubation the central part of the colony* whidl nrdy 
grows more than 1 mm. in diameter, becomes di{^^ raised «ad has 
a ground-glaas appearance, white die edge shows a delicately fi k n ua it ous 
appearance. A ^ spreading growth may thus extend over the entire 
surfMe of die medhun and the sproding film of growth amy not be 
apparem: on cursory examinatkai. On blood hsaaid^jntt 
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in the tt^oa of initial confluent growth and may develop bdow indi- 
vidual colonies, but frequently does not appear below the spreading 

growth in young cultures. ^ , i . 

Non-motile variants may produce quite isolated colonies ladung the 
characteristic feathery processes. 

Stab Culture . — ^No growth occurs on the surface; a white line 
of giDVrth appears along the track of the inoculating wire but stops short 
of the surface, and lateral spikes, which are longest in the deeper part 
of the tube, develop from the central growth. 

Biochemical jRcactfom.— Nutrient gelatin is slowly liquefied. Co- 
agulated serum is slowly rendered more transparent and softened only. 
Litmus tnilk medium may show no coagulation or there may be delayed 
clotting. Cooked-meat medium shows slight digestion and blackenja:^ 
of the meat. Some gas is evolved due to breakdown of amino-acids, but 
no carbohydrates are fermented by t 3 rpical strains of Cl. tetam. Cultures 
have an unpleasant slightly pungent odour. *, 

Viability . — ^The spores may be highly resistant to adverse conoi- 
tions, but the degree of resistance varies. Many strains are killed by 
exposure to boiling water for 5-15 min., but rarer, more resistant strains 
require boiling for up to three hours before being killed. They may 
resist dry heat at 150° C. for one hour, 5 per cent, phenol or 1 in 1000 
perchloride of mercury for up to two weeks or more. Iodine 1 per cent, 
in watery solution and hydrogen peroxide (10 volumes) are said to kill 
them within a few hours. 

Antigetiic Characters . — ^Ten types are distinguishable by ^glutina- 
tion tests involving flagellar H antigens. Type VI consists of non- 
flagellate strains. All types produce Ae same neurotoxin, and toxigenic 
and non-toxigenic strains may belong to the same type. 

Toxin. — ^The exotoxin, of whicf^ the neurotoxic component tetano- 
spasmm is the essential pathogenic constituent, develops in broth 
cultures after 5-14 days’ growth at 35° C., the optimum time varying 
with the strain. Toxin yields from Cl. tetani cultures vary from strain 
to strain and also depend upon the culture medium used. One of the 
most satisfactory me^ is that of Mueller and Miller (1954). 

Tetanolysin is another constituent and this causes lysis of red blood 
corpuscles. It is oxygen-labile. Tetanospasmin has been separated as 
a pure crystalline protein with an estimated lethal dose for the mouse 
of 0*0000001 mg. Tetanus toxin is thus an extremely powerful poison, 
second in potency only to the exotoxin of Cl. botuUnum. 

When tetanus toxin is injected into guinea-pigs or mice, the animals 
die within a day or two with the typic^ signs of tetanus. In animals, 
tetanic spasms may start in the muscles rekted to the site of iiyection 
(“local tetanus”). Experimental findings indicate that the toxin reaches 
the central nervous system by passing along the motor nerves, being 
absorbed probably by the motor end-plates and spreadrog up the spaces 
between ibe nerve fibres (Wright et al., 1950). It seems to act as an 
excitant to ^ motor cells in dus anterior horn of the ^iaal oo|d and 
may then diffuse to involve the whole central nervous systenpu The 
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toxin may also interfere nvith the normal inhibition of mofeor impukea 
exeteised by the upper motor neiuone over the lower, producing earfy 
increase in tonus and tonic spasms localised initially to the musculature 
controlled by the spinal segment involved. This affords ui explanation 
of local tetanus but the actual mode of action of tetanus toxin is not 
known. Whereas the toxin of Cl. botuSnum produces visceral symptoms 
and signs, tetanus toxin does not appear to do so directly (Wright, 1955). 
Dysp^gia and urinary retention observed in clinical tetanus can be 
attribute to paralysis of associated skeletal muscles. Certain stanuAS 
of Cl. tetam produce a factor that enhances the lethal action of 
tetanospasmin for rabbits and this factor may facilitate access of the 
toxin to its susceptible cell substrate. Consideration of the ^ecific 
affinity of the toxins of Cl. tetam and Cl. botuUmm for nervous tissue, 
the relatively small amount of these toxins required to produce death, 
and the lag period between intoxication and its manifestation, has given 
nse to the theory that both of these toxins may act through interference 
with vital enzyme systems. A disorganisation of the normal metabolism 
of choline in nerve cells with a resultant impairment of the availability 
of acetyl choline has been postulated, but the different symptomatology 
of tetanus and botulism Im not been explained. 

Antitoxin . — ^Tetanus antitoxin, often called antitetanus serum or 
ATS, can be obtained by immunising horses with toxoid. This serum 
18 of value in the prophylaxis of tetanus, given immediately after wound- 
ing. Its use as a curative agent after the development of tetanus is less 
effective than the corresponding antitoxin treatment of diphtheria. 
Tetanus antitoxin is standardised in Great Britain in terms of the 
International Unit (1950) by comparison with a preserved standard 
serum. 

Occurrence. — ^The tetanus bacillus occurs in the intestine of man 
and animals, but there is considerable variation in the frequency with 
which it is reported to have been isolated from their faeces. Tenbroedk 
and Bauer (1922) isolated Cl. tetam from 34*7 per cent, of stools ftmn 
78 individuals in Peking. Kerrin (1928-29) mcamined more than 300 
human stools in Scotland and none yielded Cl. tetam. The wide 
divergmx in these figures may be partly related to the different wsqrs 
of life of the communities investigated. The use of human faeces 
(night-soil) as fertiliser in the fields of China, whose popuktion lives 
I m more intimate contact with the soil, will play a part in the re-distribu- 
tion of the bacillus. 

It is uncertain whether this organism flourishes as a saprophyte in 
the soil or is derived entirely from the animal intestine. It is e^Mcially 
prevalent in manured soil, and, for this reason, a wound tiuou^ skin 
which may be contaminated with soil or manure desfures iqiedal 
attention. Whether derived from tihe soil or the fimoes, however, 
tetanus spores occur very widely; they are commonly present, for 
utstance, in street dust and may be present in the dust and phstw in 
' Apitals and houses, on dothing and on artides ci oomnam use. 

PadhogesMsIs. — ^Tetanus isususBy the result of contaminatimii<rf a 
|wound srith Cl. Uiam spores. The source of the fofection may he so^ 
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clothing or dust, but spores may also be derived fitom riie skior-- 
especially in areas of the body that may be contaminated with intattlnal 
or^isms. Spores of Cl. tetam and other anaerobes may be embedded 
in surgical catg;ut (prepared from sheep's intestine), and tibia has 
been the source of infection in some post-operative cases of tetanus. 
The sterility of surgical catgut is rigorously controlled in this 
country. 

If vrashed spores alone are injected into an animal they ful to 
germinate, are phagocytosed and do not give rise to tetanus. It has 
been shown that the germination of spores of Cl. tetam is dependent 
on the reduced oxygen tension occurring in devitalised tissue and 
non-viable material in the wound. Infection, when it occurs, remains 
strictly localised in the wound and the tetanic condition is due to the 
effects of a potent diffusible exotoxin on the nervous system. Certain 
conditions favour the germination of the spores and the multiplioktion 
of the organisms in the tissues, e.g. deep puncture wounds; wqWds 
accompanied by compression injury associated with devitalised tisiues; 
necrotic tissue and effused blood; wounds contaminated with soil, the 
ionised calcium salts and silicic acid in which cause tissue necrosis, 
wounds containing foreign bodies such as pieces of clothing and 
shrapnel; infection by other organisms, such as pyogenic cocci and 
Cl. wekhii. Thus, in war casurities, infection tends to occur when 
there are deep lacerated wounds caused by shrapnel which may cany 
in fragments of muddy clothing and particles of earth. Spores are 
then introduced under most favourable conditions for the development 
of the organism. Similar wounds may be sustained in civil life, notably 
as a result of gunshot injuries or following accidents on the roads and 
on farms. It should be borne in mind, however, that cases of tetanus 
have been reported, especially in children, in which the infection 
apparently derived from a superficial abrasion, a contaminated ^linter 
or a minor thom-prick. Cl. tetani infection may also occur in the 
uterus, as in cases of septic abortion. Tetanus neonatorum follows 
infection of the umbilical wound of newborn infants. Cases of post- 
operative tetanus have been recorded due to imperfectly sterilised 
catgut, dressings or glove-powder, and some cases of post-operative 
tetanus have been attributed to dust-bome infection of the wound 
at operation. 

Laboratory DtagnoBis 

Films may be made from the wound exudate and stained by Gram’s 
method; the appearance of “drum-stick” bacilli is suggestive eridence 
of the presence of Cl. tetam, but it is not conclusive as other organisms 
having terminri spores, which are morphologically indisringuishable 
^m Cl. tetam, may be present. Moreover, it is often impossible to 
detect the tetanus badlli in wounds by microscc^ic exanunation. 

Direct platii^ on blood agar incubated anaertdrically is often th* 
^t method of det^i^ Cl. tetam. The productwm Of teintta in t®*®* 
by subcutaneous injection of an anaerobic fluid oultiire |hejpared boat 
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the wound snay also be attempted but this technique is limited by the 
fact t^ some strains of Cl. teUmi from cases of human tetanus are 
non-pathogeoic to mice. The injection, e.g. 0*2 ml. of a five- to ten* 
day cooked-meat broth culture, is made into the tissues to the r^bt 
of the base of die animal’s tail. Within a day or so in a positive test 
there may be stiffness of die tail and the lund limbs. Tlw right hind 
leg is subsequendy paralysed and the tail and spine of die aninnd tend 
to curve to ^e right. Ihereafter, more generalised muscidar invdive- 
ment becomes increasingly evident, and tetanic convulsions tniy be 
elicited by trivial stimuli. Control animals are each protected tvith a 
dose of tetanus antitoxin, e.g. 500 units, injected subcutmeously or 
intraperitoneally one hour prior to inoculation of the culture. 

While signmcant results may thus sometimes be obtained with 
impure or mixed cultures from the wound, it is de^able that the tetanus 
bacillus, if possible, should be obtained in pure culture so that it can 
be identified by its biok^cal characters and its specific toxicity. In 
Fildes’ method, which exploits the tendency of Cl. tetam colonies to 
spread and extend beyond the growth of other bacteria, the material 
is incubated anaerobically in 5 per cent, peptic-blood broth for two 
to four days at 37® C. The culture is then heated at 65® C. for 30 
min , to kill spreading non-sporing organisms such as Proteus. The 
condensation water of a peptic-blood agar slope is then inoculated from 
the heated culture, and ^e tube is incubated anaerobically. After 
24-48 hours tbe edge of the culture is examined with a hand lens, when 
a growth of tetanus bacilli is seen as a mass of very fine filanmnte. 
Subcultures from the marginal growth frequently yield pure cultures 
of Cl. tetam. (It is advantageous to keep the blood-igar tubes prior to 
inoculation until the surface of the mediiun is dry at &e top.) 

This method of isolation will not be successful if a non-motile type 
VI strain is involved, and it is advisable to employ additional methods. 
It is also recommended, when possible, to vary the degree of prelimmaiy 
heating of portions of the specimen under investigation. Thus, tissue 
from the wound may be ground up with sand under sterile conations. 
After direct plating on blood agar for anaerobic incubaticm, one- 
quarter of this material may be extracted and used for direct animd 
inoculation. The remaining tiuee-quarters is dispensed into atx uni- 
versal containers <rf freshly prepared cooked-meat medium. Two 
of these are heated at 80® C. for 10 min., two at 70® C. for 30 min. and 
two are not hnted. After several days* incubation at 37® C., sub^tures 
from these may be made to blood a^, into sluJce cultures and into the 
condensation water of Fildes* peptic-blood-agar slopes as already 
I described. 

An antitoxin-controlled plate haemolysin test bsx the presumptive 
identification of Cl. tetaui involves the use of foeah Mood plates 
^-smeared wift tetanus antitoxin (Lowbury & lilfy, 1958). (X 
produces hnsaolysis wludi is inhfiiited by tile awtiaerum. WbUe 
there are several objections to this tedhnique (see WBlkt, 1960), tile 
method is oonmietd fiir tiie iNcviskmal scmxdeit ol lar^ 

‘trains. CmdSnmtbn by mouse inoculatinn is recxiimBMided. « 
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Hie Prereotion of Tetanm 

Proi!>'>^ and adequate wound toilet and proper surgical ddbridemoit 
of wounds are essential steps in the prevention of tetanus as there is an 
increased risk that tetanus spores may germinate in a wound if there is 
delay in cleansing or if sepsis develops. Clean superficial wounds that 
receive prompt attention ^y not require specific protection against 
tetanus and it is unreasonable to insist that every small prick or abrasion 
demands protection with antibiotic or antitoxin. Moreover, some 
surgeons consider that patients receiving thorough and prompt wound 
treatment, plus antibiotic treatment when indicated until healing is 
advanced, do not require tetanus antitoxin in addition (see Ministry 
of Health Memo., 19^). Specific prophylaxis is indicated in the case 
of deep wounds, puncture or stab wounds, ragged lacerations, wotipds 
associated with bruising and devitalised tissue, and animal bite wounds. 
It is also advisable to regard all open wounds in children, farm workers 
and road-accident cases as potentially infected with spores of Cl, leiitm 
and requiring protection. 

The method of prophylaxis depends upon the state of immunity pf 
the patient. While some degree of latent immunity is conferred even 
after only one injection of toxoid, for practical purposes it is wise to 
differentiate clearly between those likely to have a definite immunity 
and those who may not be immune. A patient may be regarded as 
imtmme for six months following the first two injections, or for five 
years following three injections (or a booster injection) of a planned 
course of tetanus toxoid (p. 335). Tetanus antitoxin should not be 
given to immune patients, but their active immunity should be enhanced 
by giving 0-5 ml. of tetanus toxoid intramuscularly at the time of mjury. 

A patient is considered non-immune if he has never had an injection 
of tetanus toxoid or if he has had o^ly one such injection. If more than 
six months have elapsed after a course of two injections, or more than 
five years after a full primary course of three injections (or a booster 
injection) of tetanus toxoid, he may be regarded as non-immune; but 
recent evidence suggests that these time limts may be extended. He 
is non-immune if more than one week has elapsed since a previous 
injection of tetanus antitoxin. He should be considered non-immune 
if there is any doubt about his immunisatbn history. 

Passive immumatson . — ^Tetanus antitoxin is given to the non-mimne 
patient to provide passive protection. Tjbis is usually but not invariably 
effective. There may be untoward reactions (q.v.). In some non- 
immune patients antitoxin may be contra-indicated, or anritoxin may 
not be considered a sufficient protection. In such cases, the prophylactic 
use of an antibiotic is reasonable (see below). The usual prophylactic 
dose of antitoxin is 1500 units given by intramuscular or subcutaneous 
injetffon as soon as possible after injury. The dose is not reduced for 
a child. The injection may be repeated at wedkly intervffs as loi^ as 
the risk of tetsmus persists. Larger initial doses, e.g. 3000 to 10,000 
mts, nay be givm when the wound is a severe one. Antitoxin is never 
given intravenously as a prc^hylactic mmsure. 
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Combined actwe-pmsioe mmumiation . — ^It is desirable that patients 
receiving passive protection with antitoxin should also be actively 
inununised against tetanus with toxoid, because, apart from involving 
the risk of anaphylaxis, a second dose of antitoxin tends to be more 
rapidly eluninated than the initial dose and the passive protecd<m 
afforded on the second occasion is reduced. Purified tetanus toxoid 
adsorbed on aluminium hydroxide is a powerful antigen rdloued 
over a period of days and die use of this preparation of toxoid OVtf- 
comes previous objections to the concurrent administration of tehuius 
antitoxin for immediate protection and tetanus toxoid for active im- 
munisation (Smith et al, 1963). Thus, with the precautions outlined 
above, an mjured non-immune patient may receive from separate 
syringes, 1500 units of tetanus antitoxin intramuscularly in one arm and 
0 5 i^. of the adsorbed toxoid preparation in the other. Active im- 
munisation is therefore started at an opportune moment and the 
patient is advised to have a second injection of 0-5 ml. of adsorbed 
toxoid 6-12 weeks later. 

AntSnotic protection.— Although the prophylactic administration of 
antibiotics to all cases of open wounds is not recommended, there is 
justification for the prophylactic administration of an antibiotic such as 
penicillin to a patient with a previous history of a severe immediate 
reaction to horse serum, in which case antitoxm is withheld. In the 
case of a deep contaminated wound or an open wound associated with 
much devitalised tissue antibiotic protection should be given in addition 
to antitoxin because pyogemc infection is likely to occur in such 
wounds and this favours the development of tetanus. Penicillin may 
be given at the time of injury and dosage maintained (eitiier by repeated 
administration or by the use of a long-acting preparation such as 
benzathine penicillin) until healii^ is established. As in gas gai^rene, 
this additional safeguard cannot ti^e the place of prompt and ad^uate 
surgical wound toilet and it can be criticised on the grounds that strains 
of Cl. tetard vary in their sensitivity to penicillin, that access of anti- 
biotic to the infected area may be impaired, and that peniciliinaae- 
producing organisms may also be present. Nevertheless, the prompt 
administration of antibiotics can prevent the development of tetanus 
in animals inoculated with spores of Cl. tetam. The use of a tetra- 
cycline for this purpose may be theoretically safer than penicillin. There 
18 good evidence that the combination of long-term antibiotic protection 
and active immunisation with adsorbed toxoid at tiie time of injury 
may prevent tetanus spores germinatii^ until active immuni^ has 
developed (Smith, 1964). 

The following diagram, slightly amended firom that prqwsed 
originally by Lowbury, Batten and London (1961), illustrates a tttiBstic 
approadi to the int^^on of antibiotic prophylaxis with tiie otiier 
measures discussed above; these incorporate the recommendatimu (ff 
I’arish et al. (1957) for the prevention of tetanus in injured persons. 

Active wnmmtrotibn.— Many autiiorities conoder 6bat all persona 
^ould be actively immunised against tetanus in infancy ana their 
immunity maintained by booster doses of toxmd »t intervui of five tp 
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,en years. Thtt is of partieular value in the case <rf allergic patients, 
iince the necessity of serum prophylaxis in the event of ‘woun<Ung, and 
be chance of allergic complications, is avoided. 

A course of dvee 0*5 mL doses of tetanus toxoid (formtd-'toxmd 
,r the adsorbed toxoid preparation) with intervals of six to twelve we^ 
between the first two, and six to twelve months between ^e second and 
bird injections, is of proved value in the prevention of tetanus. A 
reinforcing (booster) dose of 0*5 ml. toxoid should thereafter be given 
it intervals of five to ten years on at least two further occaahu{Mi to 
naintain immunity. 

A careful record shotdd be kept of all prophylactic injections given, 
ind information should include die batch numbers of the preparations 
ised and the nature of any reactions observed. It is especially important 
bat a record should be given to the patient or his guardian. 

In the treatment of established tetanus, antitoxin is of proven value 
'Brown et al., 1960). Reliance is frequently placed on the intravenous 
injection of a large initial dose of antitoxin (30,000-200,000 imits) 
followed by intramuscular injections; results of current investigations 
suggest that an initial dose of 50,000 units, given wholly or partly 
intravenously, gives as good results as those obtained when 200,000 
units of antitoxin are injected as the initial dose (see Laurence & 
Webster, 1963). At the International Conference on Tetanus, Bombay 
(1963), it was concluded that an initial dose of 10,000 units of antitoxin 
should be meanwhile adopted in the treatment of adult cases of tetanus. 
When intravenous antitoxin is prescribed, it should be preceded by a 
subcutaneous test dose, followed by an intramuscular test dose, at 
half-hour intervals (see below). The antitoxin should be diluted, 
warmed to room temperature and injected very slowly into the recum- 
bent patient All of the precautions listed below should be observed. 
Intrathecal administration of antitoxin may cause dangerous reactions. 

Encouraging results have been obtained with human antitetanus 
serum in the treatment of tetanus, but it should be borne in mind t^t 
better results may be at least partly attributable to increasing skill in 
the general management of tetanus cases (Ellis, 1963). 

Precautiom to be Observed when giving Aniito^.—In view of the ride 
of anaphylactic reactions following injections of antitoxin,^ routine 
precautions should be taken before antitoxin is administered. Infonna- 
bon should be obtained from the patient regarding previous serum 
injections and any history of asthma, infantile eczema, urticaria or other 
allergic condition eUcitM. In the absence of any of these contra- 
indications the full dose of antitoxin may be injected forthwith, but a 
^enle syringe and needle with adrenalin (1 mL of 1 in lOOO^sdutkm) 
should be at hand. The patient should be kept warm before'and after 
beatment and he diould m under observation for at teast 30 min. after 
*li6 injection. 

If the patinit has had a previous irjecdon of serum, but ipves no 
^tory of allogy, a subcutaneous test tfose of 0*2 mL anthmdn diould 
^ Siven, and a ^ dose of airtitoxin inay be i^ven if no gooend reoedoaa 
hve occurred after 30 mui. If the patient a hittsy of dntatgyv 
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the initial test dose should be 0-2 ml. of a 1 in 10 dilutm of antitoxm 
subcutaneously. If no general symptoms devdop within 30 min., tibis 
may be followed by 0-2 ml. of undiluted antitoxin subcutaneously. The 
AiU dose may be given if there are no general reactions after a ftirther 
30 min. 

C^motherapy.— A, course of systemic penicillin or tetracydine 
therapy should be given in cases of established tetanus. There may be 
some justification for the local instillation of antibiotic into the wounded 
area after adequate debridement. Antibiotics may also be required to 
control complications such as pneumonia. 

Tetanus in Animab . — ^Many animals are susceptible to tetanus, young 
animals beii^ more susceptible than adults. The horse is particularly 
susceptible. Infection may be acquired in lambs, calves, pigs and goats after 
castration or docking, especially if these operations are performed und^ dirty 
conditions. Young colts may develop tetanus following umbilical inf^on. 
In cows, tetanus is usually associated with parturition, esped^y after kten- 
tion of the placenta. Carnivores are rarely affected and birds are ahnost 
completely resistant to the natural disease, although an occauonal caa^ has 
been described in geese and in a turkey. The guinea-pig and the mouse are 
susceptible to tetanus toxin, and mice are extensively used in the laborStoiy 
investigation of Cl. tetam. 

The blood of most cattle contains neutralising antibodies, with small 
amounts in sheep and goats, which may account for the comparative rareness 
of tetanus in ruminants. The blood of horses, dogs, cats, pigs and humans 
does not normally contain antitoxin. Birds and other naturaUy resistant 
animals have no antibodies in their blood, so that their immunity cannot be 
attributed to the presence of neutralising antibodies similar to those found in 
artificially immunised animala, 

CLOSTRIDIUM BOTULINUM 

Botulism is a fatal form of food poisoning characterised by pro- 
noimced toxic effects mainly on the paras 3 rmpaffietic system — e.g. 
oculomotor paralysis, pharyngeal paral 3 rsis, aphonia, etc. It is not a 
common disease in this country, only four inddents having been re- 
corded smee the Loch Maree tragedy in 1922 when eight victiim died 
after eati^ duck paste infected with Cl. botulimm. Six main Qqm d 
Cl. botuUmm have been differentiated on the bmis of their antigenically 
distinct toxins and designated A, B, C, D, E and F. Types A, B and E 
are most frequently associated with botulism in the human subject, 
but types C, D and F have also caused disease in man. 

Morphology and Stamttg . — A sporing baciHua with rounded ends, 
about 4^ fi by 0-9-1-2 n, occurring singly and in pairs. Spores 
ov^ rabterminal and slightly “bulging”. The bacilli are motile with 
peritrichous flagella, and stain Gram-positively unless degenetate. 

Cultural Characters . — Strict anaerobe. The optimum tempefatu** 
has been variously stated; earlier workers found growth occurred best 
M 20“-30“ C.; more recent (diservations indicffte tfart the opthnu® 
is about 35® C. Gram on orduiary media; meat medium yhWs 
abundant growth. 
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Surface colonies— large, greyish, irregular, semi-transparent, with 
a central “nucleus” and a reticular or fimbriate border; haemo^c on 
horse-blood agar, llie semi-transparent colonies of toxigenic C?. 
botuHnum (“TOX” colonies) may be differentiated from opaque 
colonies containing sporing organisms. Toxigenic strains are said to 
revert to non-toxigenic opaque sporing (“OS”) colonial mutants 
(Dolman, 1957; Dolman & Murakami, 1961). 

Agar stab— a white line of growth, stopping short of the surfwie, 
with short lateral spikes or radiations; gas production is maiked, 
especially in glucose-agar. 

Gelatin is liquefied. 

Coagulated serum is slowly liquefied, milk-casein is digested and 
meat is digested and usually blackened by toxigenic type A, B, and F 
strains; other strains of A, B and F and types C, D and E are generally 
non-proteolytic (but see Dolman, 1957). 

The organism ferments glucose and maltose; type A also frequently 
ferments salicin and glycerol; type B ferments glycerol but not salicin; 
type C does not act on either of these substances. 

All types produce leathinase. 

VieMity. — Spores of some strains of CL botulimim withstand moist 
heat at 100® C. for several hours. They are destroyed at 120° C. (moist 
heat) usually within 5 min. Insufficient heating in the process of 
preserving foods is an important factor in the causation of this form of 
poisoning, and great care is taken in canning factories to ensure that 
sufficient heating is achieved in all parts of the can contents. 

Antigenic Characters . — In culture media and in contaminated foods. 
Cl boUAimm produces a powerful exotoxin which is responsible for the 
pathogenic effects in the disease. This toxin is destroyed when exposed 
to a temperature of 80° C. for 30-40 min. 

The toxin of type A has been isolated as a pure crystalline protein 
and quantitatively is probably the most potent toxic substance in nature, 
the estimated le^ dose for mice beii^ 0-000000033 mg. In spite of 
Its potency, the action of the toxin is slow and victims or experimental 
animals may die many days after receiving a lethal dose. The different 
types of the bacillus produce toxins that are immunologically diffeient 
and neutralisable only by the appropriate antitoxin; thus, antitoxm 
produced from toxin A does not neutralise toxin B, and vice versa. 
Type C has been subdivided into two subtypes, C, and C^; Q, antitoxin 
neutralisea C, and toxins, while Cf antitoxin frils to neutralise C. 
toxin. 

Diffusible haeim^lutinins have been described in culture filtrates 
of CL botttUrtm. 

Ant^oxm can be prepared by immuniring animals with toxoid pre- 
parations, and it is therapeutically. In genetal, a bhodent serum 
containing antitoxins to the A and B types of toxin is employed, but 

efficacy in ^ treatment of established botulinn is doubtfiil. 

Animal Iddxuratoty animals are susceptibie to eat- 

perimentalinoaiiation and feeding trim cultures. The teniHin^ condl- 
; ^on resembles the human disease m its symptomatc^ogy, ffie guinea-p% 
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showing difficulty in breathing, flaccid paralysis of the abdominal 
muscles and salivation following intraperitoneal injection; at autopsy, 
marked congestion of the internal organs, extensive thrombosis and 
haemorrhages are noted. 

Pathogenesis. — Cl. botuKnum is a saprophytic organism and is 
widely distributed. Its natural habitat is soil, even virgin and forest soil. 
It may be found in vegetables, fruits, leaves, mouldy hay, ensilage and 
animal manure. 

Botulism has been found to originate from a considerable variety of 
preserved foods — e.g. ham, sausage, canned meats and vegetables, etc. 
Type E strains occur in fish (see Dolman & Chang, 1953). Foods 
responsible for botulism do not always exhibit signs of spoilage. 
Botulism is thought to be due mainly to absorption from the intestine 
of toxin preformed by the bacilli in the food, but there may be 
formation of toxin by the organisms after ingestion. « 

In cases of botulism the bacillus may sometimes be demonstr^W 
in the stomach contents and faeces, and post mortem in the intes tin al 
contents and in the liver and spleen. It can also be isolated from the 
food responsible for the outbreak. 

Rare cases of wound infection by Cl. botuUmm, resulting in the 
characteristic signs and symptoms of botulism, have been recorded. 

Botulism also occurs in such animals as horses, cattle, sheep and poultry, 
due to feeding on material in which the organism has been growing. Type 
Ca is responsible for a paralytic disease of chickens and botulism of ducks. 
Type C,, is responsible for forage poisoning in horses and cattle; 1amM>>Vtp 
of cattle in South Africa is due to type D and results from eating the bones of 
decomposed carcases on the veldt Limberneck of chickens is caused by 
t)rpes A and B. The ingestion of the larvae of carrion flies harbouring the 
organism is frequently responsible for botulism in birds. Spora^c out- 
breaks of botulism have been reported in mink in America, Scandinavia 
and England. 

Laboratory Diagnosis. — ^As botulism is essentially a food intoxica- 
tion, the suspected food should be examined bacteriologically. It may 
occ^ionally be possible to demonstrate the presence of toxin in the 
patients blood or in post-mortem material, e.g. blood, liver, by direct 
animal inoculation. 

Gram-stained films of the food may first be examined for sporing 
bacilli. The food is then macerated in sterile salt solution and an 
extract cleared by centrifiigatioiL This may be sterilised by filtration 
prior to anitiial inocuktion. The extract is then injected intraperiton- 
^y into guinea-pigs in 2 ml. amounts. Injections of heated extract 
(ten minutes at 100° C.) should be made in a group of control anim^k, 
Mu unh^ted extract plus the diflFerent type antitoxins, if available, may 
be ino^lated into a third group. No deaths should occur in the second 
^oup if a specific botulinum toxin is involved and this may be indicated 
by the third group of tests. 

Cl. bofydmum may be isolated in pure culture from the food by pre- 
Iminary heating of various samples at 65°-80‘’ C. for thirty minutes to 
eliminate non-sporing bacteria. Cultures may then be made under 
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anaerobic conditions on solid media, including a selective medium such 
as Willis Bpid Hobbs* medium, md in cooked-meat broth. Subsequent 
identification of CL botuUnum is based upon its biological charactw 
and its toxigenicity. Culture filtrates may be prepared from five- to 
ten-day cooked-meat broth cultures and tested for toxicity by animal 
inoculation tests as described above. Faeces and vomit from a case of 
botulism may be similarly investigated for the causative organisnL 
Prophyluis. — ^Home-canning of foodstufiPs should be avoided amd 
home preservation of meat and vegetables is not advisable. Acid fruits 
may be bottled safely in the home, heating at only 100^ C., since a low 
pU is inhibitor to the development of CL hotulinum. A prophylactic 
dose of antitoxin (10 ml.) should be given intramuscularly to all asympto- 
matic persons who have eaten food suspected of causing botulism. Active 
immunity in man can be produced by the injection of three doses of 
mixed toxoid (types A and B) at two-month intervals, but the incidence 
of the disease under normal conditions does not justify this procedure. 
Similar immunisation of animals against the predominant type may be 
economically worth while and has been carried out in Australia on a 
small scale. 
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CHAPTER 29 

SPmOCHAETES 


The pathogenic and commensal spirochaetes are slender flexuous spirals 
4-16 (I in length and 01-0-6 thick. They are composed of regular 
tight coils or of loose irregular spirals of varying amplitude. As a group 
diese organisms are more highly organised than other bacteria, for in 
addition to a cell wall and cytoplasm they contain from one to twelve 
long filaments applied to their bodies and it is to these structures that 
they owe their shape and in all probability their elasticity and char- 
acteristic movements. Some cells are only visible by dark-ground 
microscopy, many can be cultivated and the majority are paras^ic in 
vertebrates. The three genera. Treponema, Borrelia and Lept&i^a, 
together constitute the family Treponematoceae. 


TREPONEMA PALLIDUM 


Syphilis is an infectious venereal disease caused by Tr. pallidum. 
Clinici^y the disease includes a sore on the genitalia which is followed 
by generalisation of the infection with protean nlinirail 
Mwphobgy. — ^An exceed- 


ingly delicate, spiral fiJiament 
6-14 (average 10 /t) by 0-13 
/X, wilii six to twelve coils which 
are comparatively small, sharp 
and regular. The length of the 
coils is about 1 /x and the depth 
1-1 *5 ft. The ends are pointed 
and tapering. The organism is 
feebly refractile, and in the 
unstained condition requires 
dark-ground illumination for its 
demonstration. 

In electron micrographs Tre- 
ponema paHidum is seen to be 
covered by an outer periplast 
which covers the whole organ- 
ism. When this periplast is re- 
moved by digestion with pepsin 
or trypsin three fiine filaments 
about 10 m/x in diameter are 
seen twisted around the organ- 
ism and conforming to its coils. 
Fracture of these filamen t s 
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BORRaiA VtNCENTI 
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mults in the disappearance of the organism’s coils; the filatiMwita may 
then be spread out on the supporting film, in which sttiwtion they 
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were nuEtaken by earlier workera for true Amelia. TV. pallubm ia 
therefore not Apellate (Swain, 1955). Hie nature of the fibrila twisted 
around its protoplaam ia uncertain, but it seems likely that ibey ai<e 
contractile and concerned in the maintenance of the characteristic shape 
and motili^ of the organism. 

In addition to die typical form, as d^cribed, aon^ \^riation in 
morphology may be observed: the number of coils to the unit of length 
may be more or less than normal, the filament may be thicker dian 
normal in whole or part and the coils may be diallower and leas tegular 
than usual. 

The spirochaete shows rotatory corkscrew-like motility and also 
movements of fiexion. The coils remain relatively rigid, but there may 
be some expansion and contraction. Angulation, with the organism 
bending almost to towards its centre is highly characteristic. Its 
progression is relatively slow as compared wiA many of the motile 
bacteria. 

The organism divides by transverse binary fission. There is good 
evidence for the existence of a more complicated life cycle of reproduc- 
tion in the case of cultivated non-pathogenic strains of treponemes such 
as the Reiter spirochaete, in which a granular, filterable phase has been 
descnbed. Division into four and even more fragments has also been 
described. Some observers have claimed that granules or bud-like 
structures may be split off, remainii^ attached by pedicles or stalks 
before final separation. This budded form has also been regarded as a 
phase in the life history of the organism, and various supposed develop- 
mental bodies differing morphologically from the normal spirochaete 
have been described as originating from such structures. 

Staimng. — Tr, pallidum cannot be demonstrated by the ordinary 
staining methods. It can be stained by Giemsa’s solution applied in a 
1 in 10 dilution over a prolonged period (twenty-four hours) or in a 
1 in 2 dilution for an hour, and appears faint pink in colour in contrast 
to the purplish colour of the coarser non-pathogenic spirochaetes. The 
organism may also be demonstrated by Fontana’s sUver or die India 
ink methods using the exudate from the chancre. In tissues^ the 
spirochaetes can be stained by Levaditi’s silver impregnation method. 

Ctdtivation . — It is generally agreed that pathogenic TV. palUdum 
has not been cultivated in artificid media or in embryonated eggs or 
tissue cultures. The organism does grow in the testicles of experiment- 
ally inoculated rabbits and pathogenic strains can be maintained in dis 
way {e.g. Nidtol’s strain). Certain other strains (s.g. Reiter’s strain) 
can be cultured under strictly anaerobic conditions in SmhhfN^cfai 
medium, or in digest broffi enriched with serum. These strams, 
although originally isolated from syphilitie lesums, may have been 
contaminating saprophytes. 

Viability outside ^ body is feeble undfw ordii^ oonditums. 
This spirodiaete is a strict parasite; it dies rapidly m water and is 
very sensitive to drying. On the other hand it has been found tiait 
Tr. paUidim can retain its vialtiliQr and vinilmoe in neetopsy mioerial 
for some time at ordinary tempemturea, «ad in sennn ki^ m sealed 
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capillary tubes it remains motile for several days. It is readily killed , 
by heat (even at 41-5“ C. in an hour) and dies out more slowly (in two 
to ^ee days) if k^t at 0°-4° C. TV. paUiebm remains vialide in tissue 
slices of rabbit testis for long periods at temperatures of -55° to 
-65° C. 

Animal Patlu^emcity.— Monkeys have been infected experimentally 
by inoculation of a scarified area on the eyebrows and genitals, or by 
implanting tissue firom a syphilitic lesion under the epidermis. The 
anthropoid apes are the most susceptible, and lesions typical of primary 
and secondary syphilis may result in these animals, l^bbits can also 
be infected in some cases by inoculation in certain sites: inoculation 
into the anterior chamber of the eye produces keratitis and iritis; 
intratesticular injection leads to a syphilitic orchitis; and inoculation 
of the skin of the scrotum may set up a chancre-like sore. Metaimtic 
lesions may succeed the primary infection. \ 

Inoculation of mice produces no lesions, and though infection lUes 
place it is symptomless and apparently latent. \ 

Pathogenesis. — ^After exposure to infection there is an incubation 
period of four to six weeks before the appearance of the initial sore of 
primary syphilis. This lesion shows first as a small red papule usually 
on the genitalia; it gradually enlarges, become indurated and necroses 
in the centre to leave an ulcer; simultaneously there develops a marked 
generalised lymphadenopathy which is most obvious in ^e inguinal 
region. Spirochaetes are present in large numbers in the primary 
chancre and in the exudate from it. As ^e sore heals, the organisms 
become less numerous and may not be demonstrable in the exudate, 
but at this stage it may be possible to find them in fluid obtained by 
lymph gland pimcture. 

In Ae secondary stage which develops six to twelve weeks after the 
appearance of the primary chancre, the spirochaetes invade the blood 
stream and are widely disseminated throughout the body. The clinical 
manifestations may include those of fever, a generalised roseolar skin 
rash, mucous patches in the mouth and condylomata of the anus and 
vulva. The severity of these lesions is extremely variable and those 
of minor extent may heal and disappear without their presence being 
noticed. 

In the tertiary stage the spirochaetes become localised producing 
low grade inflammatory lesions in the cardiovascular and centrti 
nervous systems and in chronic granulomata (gununata) in the skin, 
bone and internal organs. Often this process continues for long periods 
and several years may pass before any clinical sign or symptom is 
apparent, llius tabes dorsalis and menii^-vascular syphilis may only 
be detected 5-15 years after the appearance of the primary dumoe. 
In this stage TV. pallidum can only be demonstrated in the lesions wiA 
difficult dthoug^ it can be observed by suitable staining noethods in 
^ periphery of gummata, in arterial Itoions, and in the cerebral cortex 
in goieral paralysis of the insane. 

In con^mtal syphilis, spirochaetes are found in certain internal 
organs, e.g. liver, often in very large numbers. They are present also 
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in the dda lesions, tlra blood, end the mucosa of die intestine and 
bladder, and have been demonstrated in the placenta. 

^idemiology. — ^Most cases of ^hilis are contracted during socud 
intercourse. Rarely, howevor, odier forms of direct contact may 
facilitate the spread of the disease as is witnessed by primary lesions on 
the hands of venereologists, the lips after kissing, and the akl" of the 
abdominal wall. The open lesions of the primary and secondary stages 
of syphilis discharge many millions of spirochaetes. Ihe orgaaiailda 
are so sensitive to the adverse influence of conditions outside the 
human body that they seldom survive on fomities loi^ enough to 
transfer infection. 

During the Second World War the incidence of syphilis increased 
and reach^ its peak in 1946 (23,878 cases in England and Wales). With 
the introduction of penicillin therapy there was a dramatic decline in 
the years that followed and a more gradual fall in the decade 1951>^1 
(from 8,432 to 4,442 clinic cases in England and Wales). During this 
time clinic cases of gonorrhoea increased from 18,064 to 37,107 and 
there is some evidence of an increase in the inddence of infectious 
syphilis in the past few years (BMA Report, 1964). 

Each case of syphilis is a potential source of a small outbreak of the 
disease and 10-20 cases may be traced to a single individual. Control 
of the disease depends on early diagnosis, case and contact tradng, 
effective chemotherapy of cases to reduce infectivity, sex education and 
other social measures. No protective vaccines exist. 

Chemothen^iy. — Penicillin is highly effective in the treatment of 
syphilis but the results obtained depend on the stage and nature of the 
disease. Broad spectrum antibiotics such as the tetracyclines are almost 
as effective as penidllin. 


Laboratory Diagnosis 

The clinical diagnosis of syphilis is confirmed in the laboratory by 
finding TV. pallidum in the exudates from the lesions or in the tissues 
and by demonstrating antibodies in the serum. 

The Examination of Syphilitic Exudates. — ^There is a serious 
risk of infection to the person who collects specimens from patients 
with primary or secondary syphilis and it is knportant to wear rubber 
'loves and to exercise great care in handling the lesions. The sore 
s first cleansed carefully with a gauze swab soaked in warm normal 
^ine and die maigins are gently scraped so that superficial efi- 
jfiielium is abraded. Gentle pressure is implied to the base of the 
I chancre imtil serum exudes from its surfsoe; if this serum is blood- 
gained it should be wiped away and the process rqieated until a dear 
fiuid is obtained. Excessive numbers of red blood cm in tiie i^eeimen 
oaust be avoided as thqr tend to olMcure tibe spirochaetes. Wet fihas 
are now made on thin glass slides, covered wnh a thin coverdtp and 
examined under die darit groimd microscope. If dw eaanMnation has 
^ be made in a laboratory at txme dwtanoe some df the exndate diould 
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be taken up into several capillary tubes, botii ends of vniiich are (ben 
sealed in a flame. Do not store in the refrigerator or the incubatoi 
(37° C.). 

If a local antiseptic has been applied to the sore spirocha^es maj 
not be found until a wet dressing of gauze soaked in sterile norma! 
saline has been applied to the sore for 24^ hours. When antisyphUitic 
treatment {e.g. penicillin), has been u^d before the examination the 
likelihood of a successful microscopic diagnosis is greatly dimin- 
ished. 

If a primary sore is healing the macroscopic examination of the 
exudate is often negative. At this stage, however, the spirochaetes 
may be found in the fluid aspirated wiA a syringe from enlarged 
inguinal lymph glands. Before reliance can be pkced on negative 
findings, ^e microscopical examination must be repeated on ^t least 
three occasions at daily intervals. t 

The observation of living motile spirochaetes under the dark jjroHno 
microscope is the most satisfactory method and in experienced bands 
provides a rapid and reliable diagnosis. Tr. pallidum is recogni^d b}/ 
its slender spiral structure, characteristic slow movements, and angula- 
tion. It must be carefully distinguished from the many other spiro- 
chaetes which can be found in ulcerating sores (e.g. TV. callygyrvm). 
If no dark ground microscope is available a wet fSm of the exudate 
mixed with india ink may be examined or Fontana’s staining method 
can be used. 

In the secondary stage spirochaetes can be demonstrated in the 
serous exudate obtained from the skin eruption by scarifying and 
“cupping” with test tubes. The spirochaetes are also present in large 
numbers in the mucous patches in the mouth and in condylomata about 
the vulva and anus. Specimens from these situations, however, may 
contain lai^ numbers of non-pathogenic spirochaetes which may be 
moiphologically identical with Tr. pallidum and great caution is re- 
quired in reporting the observations. 

Serological Methods. — ^Three distinct antibodies appear in the 
serum after a syphilitic infection. The first is known as a “rea^” and 
reacts with an antigen composed of an alcoholic extract of heart musclf 
to which cholesterol and lecithin have been added; it can be demon- 
strated eith« by complement fixation as in the Wassermann reaction i 
by flocculation as in the Kahn or similar tests. Reactions which demon- 
stiate the presence of the “reagin” are known as the standard tests foi 
syphilis (STS) as conventional tests. A second antibody reacts 
with a protein component found in the spirochaetal bodies of a non- 
pathogenic strain of TV. pallidum and ran be demonstrated in the Reitei 
IhDtcin Complement Fixation Test (RPCF). The third antibod] 
reacts directly with a pathogenic strain of TV. pdtidsm and can 
demonstrated in the Treponema Impiobilisation and FlwMescfci* 
Treponemal Antibody tests (TPI and FTA). 

Standard Tests for Syphilis (STS ). — The Wassehuma * 
action (WR), usually becomes weiddy positive at the s eeond or thir 
week after tiie appearance of the primary sore; tiie dusgcee of positivit 
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icrenes sod die test is markedly positive by die uxth vradk; in the 
econd^ stage it is always strongly positive. Occasionally, however, 
poutive reaction is slow to develop and if, at first, a n^ative result 
3 obtained it is essential to repeat ^e test on two or more occations 
lefore excluding s^^hilis. A negative reaction in a case of suspected 
econdary syphilis is highly significant in excluding syphilitic infection 
lut in supposed tertiary or latent cases the negative finding does not 
xclude t^ disease. Thus in 20-30 per cent, of cases of tabes dotwdis 
nd in about 10 per cent, of cases of meningo-vascular s)rphi]is the test 

s native. 

In cases of tertiary syphilis the reaction should be carried out on the 
erebrospinal fluid as well as on the blood. The cerebrospinal fluid 
;ives a positive reaction in virtually all cases of general paresis, and in 
aost cases of tabes dorsalis at some stage, although during remissions 
t may be negative; in meningo-vascular syphilis about one half of the 
ases give a positive reaction. 

Flocculation Tests such as the Kahn or VDRL tests are often used 
or screening tests on sera because they are quick and simple to carry 
rut. The results of these reactions, however, do not always run parallel 
nth those of the Wassermann Reaction and to obtain the maximum 
mount of information both tests must be carried out in parallel. In 
general flocculation tests are more sensitive but less specific than the 
Wassermann reaction. Repeated positive tests with both methods give 
. reliable indication of syphilis. Furthermore one reaction acts as a 
heck on the other and altikough a positive finding with one test in the 
iresence of a negative finding with the other may be diagnostic of 
yphilis, such a discrepancy indicates the need for repeated serological 
esting and the employment of more specific reactions with spirochaetal 
intigens {vide infra). 

The Wassermann and flocculation reactions are constantly positive 
n yaws, bejel and pinta which are diseases caused by spirochaetes very 
;losely related to Tr. palMdum. In tropical and subtropical regions the 
erological differentiation of these diseases from syphilis may be a 
ioatter of great difficulty. 

Biologic False Positive Reactions. — Since the lipoidal anBgen. toed 
m the Wassermann and flocculation tests is non-specific in nature it is 
not surprising that false positive reactions occur in a considerable 
number of conditions quite unrelated to syphilis. Although sudi false 
positive reactions cause difficulties in interpretation they do not occur 
with sufficient frequency to detract from tiie general dugnostic rdue 
of the tests. The highest incidence of these reactions is in >malaik 
(^10 per cent.), leprosy (especially the nodular type), collagen diseases 
such as hipus erythematosus and periarteritis nodosa, infectiottt mono- 
nucelosis, measles and rubella, have been occaskmally reported 
m almost all febrile diseases and occur r^ularly in a small ^oportion 
of cases df relapsing^fever, leptospircnis, scarlatina, pnemnmik of 
bacterial or viral origitL, typhus, fymphcgtaauloma venereum, infectious 
bepatitis, variceOa and trypuimomiaris. In addition tl^ mqr be 
pound after blood donation, smallpox vacdnatimi, the vdmirtistnuion 
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oi tetanus toxoid or therajMutic injections of serum. During 
nancy weakly positive reactions may o^r but they gradually diminish 
anA disappear after the birth of the child. 

Biological false positive tests often take the form of a positive Kahn 
test associated with a negative Wassermann reaction, but latent or 
treated syphilis may also present this finding. In such circumstances 
the Kahn verification test is often helpful in distinguishii^ true syphilitic 
from non-specific reactions. A positive STS in assoemtion with a 
negative Kahn verification test is almost alwa;^ non-specific. 

Treponemal Antibody Tests. — The Reiter Protein Complement- 
Fixation (RPCF) Test employs as an antigen a protein c^act 
obtained by the ammonium sulphate precipitation of a suspension of 
non-pathogenic spirochaetes obtained from cultures of the J^eiter’s 
str ain of Tr. polUdum (D’Alessandro & Dardanoni, 1953). Sefaudra 
(1959), Wilkinson & Johnston (1959) and Foster, Nicol & Stone ll958) 
are ^ in agreement that the RPCF Test is more sensitive andlmore 
specific than the standard tests for syphilis. There has not yet 'been 
suflScient time for a full evaluation of this test, but in general it t^ould 
appear that it agrees closely but not completely with the TPI test. In 
primary untreated 83 rphili 8 as well as in the later stages the RPCF 
test has a sensitivity equal to the STS The incidence of positive 
findings in sera giving biologically false positive STS is markedly 
reduced but a small proportion of non-specific positive and false negative 
reactions do occur (Bekker, 1962). Since the RPCF test is no more 
difficult to carry out than the Wassermann reaction and as the antigen 
is available commercially (Organon Laboratories), it is very suitable 
for routine serological worL 

The Treponema Pallidum Immobilisation (TPI) Test depends on the 
observation of immobilisation of living spirochaetes when they are 
incubated with syphilitic sera. Dilutions of the serum to be tested are 
mixed with a suspension of motile Tr. paUidum (Nichol’s strain) which 
are maintained in the laboratory by the intra-testicular inoculation of 
rabbits. An appropriate amount of fresh complement is added and after 
incubation the test is read by determining, under the dark ground micro- 
scope, the proportion of treponemes which have been immobilised. 
This proportion is then compared with a similar estimate of the spiro- 
chaetes immobilised by normal and known positive control sera (Nelson 
& Mayer, 1949; Wilkinson & Johnston, 1959). The test is complicated 
to perform, expensive in animals and reagents, and is very time con- 
suming. It is not suitable for use as a routine test and is reserved for 
specially selected cases. 

The TPI test is generally accepted as being almost completely 
specific and a positive findii^ is a reliable in^cation of syphilitic 
i^ection. The sensitivity of the test, however, is not so great as that 
of the STS and negative findings may be obtained m untreated ca^ 
of primary and early secondary syphilis and also in congenital syphilis i 
(S^ueira & Wilkinson, 1955 ; Wilkinson & Sequeira, 1955). Tlie mai® 
value of the test is in latent and tertiary syphilis and in clarifying th^ 
problems which arise when discrepancies occur in the STS, e.g. bio- 
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ogical £dse positive reactions. The TPI test remains positive for 
ong periods even after the STS have become negative and thus it is 
,f little value in following the effects of treatment Since the TTI 
est has the highest specificity of all the tests for syphilitic antibodies 
t is used as a reference in assessing the value of other tests. 

The Fluorescent Treponenud Antibody {FT A) Test offers an aiter- 
lative to the TPI test and is simpler and easier to carry out The 
mtigen used is a suspension of treponemes of the Nichol’s strain of 
Tr. pallidum which remains stable for several months at refiigrarator 
emperature. The antibody with which this antigen unites would 
ippear to be identical with that reacting in the TPI test. Smears of 
he antigen are treated with dilutions of the patient’s serum, stained 
nth a fluorescein labelled antiserum to human gamma-globulin and 
hen examined in the fluorescent microscope (Wiftinson, 1961). Pre- 
iminary reports suggest that this test has a high level of sensitivity and 
ipecificity and also indicate that it gives positive findings in the early 
itages of primary syphilis. In late untreated cases the FTA test 
■emains positive for prolonged periods in the same manner as the 
TPI test (Deacon, Freeman, & Harris, 1960). 

The FTA test has a number of economic and technical advantages 
)ver the TPI test. The time required to carry out the test is short and 
he results can be read after 30 min. incubation at 37° C. The standard 
mtigen is stable and retains its potency for months, only minimal 
imounts of glassware are needed and the only other reagents required 
ire a phospl^te buffered saline diluent pH 7'3-74 and a 2 per cent, 
solution of Tween 80. 

In routine diagnostic work a combination of serological methods 
must be used. Two tests for the res^n antibody are required; one 
3f high sensitivity such as the VDRL or Kahn Test and one of 
normd sensitivity such as the WR In addition a third test for an 
unrelated treponemal antibody is needed and for this the RPCF test 
IS recommended as convenient, inexpensive, highly sensitive, and voy 
specific; alternatively, where microscopical facilities exist the FTA 
can be used with excellent results. When discrepancies are found 
the TPI test is the final reference test for the differantiation of 
syphilitic from biologic false positive reactions. 


Non*veneteal S^hilis 

Although syphilis is a venereal disease, conditions with dosely 
similar clinical manifestations occur in circumstances when it seems 
scarcely possible that infection was transmitted during sexual inter- 
course. One such condition is which is found in Balouin Arabs 
m Syria and Iraq. Bejd occurs predominantly in young children who 
show mucous patches and other lesions of secondary syphilis uddbout 
ss a rule havii^ any primary lesion. It is thought ffuU; the infeetiaa is 
Emitted by dose personal ocmtact or by contaminated driakaig 
Vessels or ocher utensils; in sorne cases dm c^ld has bean iafeded front 
's primary obmcre on the nipple the nursing imiCiHn. Memogts^ 
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vaMukr lesions may occur as late manifestations but involvanent of 
die central nervous 83rBtem is tare. 

Closely similar diseases which are sometimes referred to as endemic 
syphilis have been reported in Bosnia, West Africa, .Southern Rhodesia 
and in India. Except for the mode of transmission and the epidemio- 
logical findii^ endemic syphilis does not differ essmdally from 
venereal syphilis and the laboratory diagnosis and treatment of both 
diseases is the same. 


TREPONEMA PERTENOE 

This spirochaete is the cause of Yaws (Framboesia) a chronic disease 
which is virtually limited to humid tropical areas. The primary Ifesion, 
which is practically always extra-genital, takes the form of a panless 
yellowish-red papule which slowly erodes and becomes an ulcmted 
discharging granuloma. This “mother yaw” is followed six we^ to 
three months later by generalised secondary superficial lesions of 
appearances situated on the limbs, neck and at muco-cutaneous junc- 
tions on the face and genitalia. The later manifestations of yaws include 
destructive lesions of bone in about 15 per cent, of cases, but cardio- 
vascular and neurological complications are rare. Treponemata abound 
in the exudates from the lesion and the infection is transmitted by direct 
personal contact, the spirochaetes entering the new host throi:^h small 
skin abrasions. Flies may play a part as vectors of infections and 
Hippolates pallipes has been observed to feed on the open lesions; TV 
pertetme persists in the proventriculus of the insect for upward of 
seven hours and is regurgitated when the fly feeds again. 

Tr. pertenue is indistinguishable from TV. palUdum in morphology, 
mo^ty, staining properties, abili^ to provoke reagin and treponemal 
antibodies, and in its susceptibility to arsenical drugs and antibiotics. 
Thus the diagnostic procedures and treatment are the same as those 
used in S3^hihs. A long-acting penicillin is the drug of choice and a 
dramatic response follows its use. 

Treponema Carateum (Tr. herrejoni) 

This spirochaete is the cause of Pinta, a disease of dark-skinned races 
in the West Indies, Central and South America and in some parts of 
the Pacific. The primary lesion, which is extra-genit^ and non- 
ukera^g,^ appears as an erythematous, scaly patch about one centi- 
m^e in diameter assuming Ikter a psoriatic or licheniform appearance. 
It is followed after about five months by secondary lesions of a similar 
nature which later become characteristically depigmmted and hypcr- 
keramtic. Progressive hyperpigmentation of some areas folkiwa to give' 
a third stage of the ilbess characterised by multkxdoiired lesionA, 
mvolvement of the cardiovascular and central nervous sya tems 
late m the disease. TV. carateum can be demonstrated in me 
and m the lymphatic glands. Transmission is not venereal aod usuaUlj 
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;cuw by direct contact like yam, finta may be aptead by the fly 
tppolaies paJUpes. 

Tr. careOmm ia morphologically indiadnguiahable from Tr. palKtjbm 
hich it resemblea closely in many other respects. Immtuufl^cally, 
jwevcr, there may be some difference because patients with pinta can 
)ntract syphilis and s^hilitic subjects have been successfully infected 
:perimentally with pints. The xnethoda for the laboratory 
id treatment of pinta are the same as those used for yaws and ayphj^ 


OTHER TREPONEMATA 

Treponema caUigyi^ (or gracile). — This organism may occur in the 
cretions of the genitals, and morphologically resembles Tr. palUdum. 
s differentiation from the latter is therefore of practical importance in 
philis diagnosis. It is not usually found if care had been taken to 
)Uin serum from below the surface of the chancre. It is thicker than 
r. pallidum and its spirals are shallower; by the dark-ground illumma- 
3n method it appears “glistening”, whereas Tr. pallidum is “dead 
hite” ; it stains more readily than Tr. pallidum by Giemsa’s method. 

Treponema genitalis, which is very similar to Tr. pallidum, has also 
een described as a commensal on the genital mucosa. 

Treponema ndcrodentium. — ^This organism flourishes in carious teeth, 
id may be found in the secretion between the teeth. It closely 
isembles Tr. pallidum in morphology, but is shorter (3-10 fi), and the 
Ills are shallower. It is more easily stained by the ordinary methods 
lan Tr. pallidum. 

Treponema mucosum. — Similar to Tr. ndcrodentium in morphology, 
ut is stated to have the property of producing a mucin-like substance. 

Treponema macrodendum. — Occurs in the mouth like Tr. micro- 
enttum. It beats some resemblance to Tr. pallidum, but is larger and 
lucker, with larger and less regular coils, usually two to eig^t in 
umber. Its motUity is also more active. It is more easily stained ffian 
V. pallidum and is coloured blue by Giemsa’s method. 

Treponema cumcuU. — ^Associated with an infectious disease of rabbits, 
hich usually takes the form of a chronic local and superficial infection of the 
snitals. The spirochaetes can be demoiutrated in the exudate from the 

ons and in tissue sections. They are morpholo^caUy identical with 
'r. pallidum. 


BORRELIAE 

These are large, motile, refractile spirochaetes (about 10-30 ft by 
' 3-0-7 with irregular wide and open cods, which are tehxdvely few 
^ numl^r. They are easily stained by the or<Unaxy meihoda, aim ace 
pnm-negative. Some occur as oommensids on varioua nwcous 
ibranes, e.g. mouth, and in gangrenous and tileemtiae eoadiflonB 
die aoilBoe of the bod^, the mo^ and throat and the genitab* 
feUa bmeee^ k found in the healdiy mouth; it is ilugg^y motda 
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with wavy serpentine movements. BorreUa r^ringau ocrare on the 
normal mucous membranes of the genital and anal regions. It is 
actively motile with lashing and rotating movements; under the 
field microscope it is refractile and appears brighter than other ^ptro. 
chaetes. This type of organism may also be found in the surface exudate 
of a syphilitic sore, and has to be differentiated morphologically frotn 
the Tr. pallidum. Other BorreUae are pathogenic md cause relapsir^ 
fever in man and the disease of fowls known as “spirochaetosis”. 


BORRELIA VlNCENn 

BorreUa vincenti. is generally associated with a large fusiform bacillus 
— Fusobacterium fusiforme — and large numbers of both these organisms 
can be found in a variety of mouth lesions and ulcerative and noetic 
processes elsewhere in the body. They are constantly observed i^ the 
exudates of the pseudomembranous ulcers on the pharynx and tohsils 
in Vincent’s angina and in the inflamed gum margins in acute ulcerifave 
gingivitis; they are also occasionally found in the lesions of aCUte 
balanitis, lung abscess, bronchiectasis, and in chronic ulceration of the 
skin especially in tropical countries. 

Morphology and Staining. — Borr. vincenti is 7-18 long and 0'2-0-6 
II wide. There are three to eight loose, open coils var 3 ring greatly in 
amplitude and the organism is actively motile with coarse lashing 
movements. It resembles Borr. refringens, but is sometimes described 
as smaller and more delicate. The spirochaetes are Gram-negative and 
stain readily with dilute carbol fuchsin, methyl violet, and with 
Giemsa’s and Leishman’s stains. Under the electron microscope Borr 
vincenti is seen to have a clear-cut wall within which some ten axial 
filaments are twisted spirally around the protoplasm of the body oi 
the spirochaete (see fig. 19). 

Cultivation. — Borr. vtncenti is an obligate anaerobe. It can be 
cultivated in vaseline sealed tubes containing digest broth enriched with 
ascitic fluid; it grows abundantly in mixed primary cultures but is 
extremely difficult to maintain in pure culture. 

Pathogenesis. Borr. vincenti and its comcomitant fusiform bacillus 
form a symbiotic combination which is foimd in small numbers in- 
habiting the healthy gum, but the numbers may increase enormously 
when the resistance of the local tissues is reduced. Thus infection with 
these organisms is superimposed when the superficial tissue is damaged 
by trauma, deficiencies of vitamins such as ascorbic add or niadn, 
ii^ection with the virus of herpes simplex, infectious mononucleosis, 
or bacterial invasion by haemolytic streptococd or diphtheria bacilli 
In agtanuloc 3 rtosis and leukaemia the infection is often seen as a com- 
plication. It is probable that these microorganisms are secondary 
invaders rather dian primary pathogens. 

Epidemiology. — ^The source of infection is the patient’s own moudi 
md ^ disease is not contagious but spc»adic. Epidemics of the 
infection have, however, been reported in diildran and young s^l^* 
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During the First World War the condition was so conunon in soldiers 
that it was known as “Trend» Mouth”. Poor nutrition and poor dental 
hygiene are factors which are thought to facilitate infection and date 
transmission of a virus (e.g. herpes simplex) in a suscq>tible population 
may also play a part. 

Lahoratory Diagnosis. — Smears are made directly from the ulcer- 
ative lesions in the mouth or from swabs and are stained with dilute 
carbol fuchsin. A clinical diagnoMS of Vincent’s infection should be 
confirmed when very large numbers of both the spirochaetes and the 
typically barred fusiform bacilii are seen together with the many pus cells. 
wUch indicate the presence of an active inflammatory process. Cultural 
procedures are not satisfactory for diagnosis of the infection but are 
necessary because other pathogenic organisms such as haemolytic 
streptococci or diphtheria bacilli may also be present. 

Chemotherapy. — ^Vincent’s organisms are highly sensitive to peni- 
cillin which is the drug of choice. The organisms are also sensitive to 
tetracyclines. 


BORRELIA RECUKRENTIS (OBERMEIERI) 

The causative organism of European Relapsing Fever. 

Morphology and Staimtig . — ^This organism is a spiral filament, 
cylindrical or flattened, with tapering ends, varying in length, as a rule, 
from 10 to 20 fi, and about 0'3-0'5 (i broad, with about five to seven 
fairly regular coils 0*9-1 -7 ju in amplitude. Active motility of a rotatory or 
oscillating t 3 rpe is noted in fresh preparations. Multiplication is by 
transverse firaion. The structure of the organism as it is seen under the 
electron microscope is that of a bundle of some twelve filaments twisted 
spirally around rite spirochaetal body external to the cell wall. These 
filaments are simUar to those seen in TV. palUdum and are probably 
concerned in the contractile movements of the organism. They are 
rather easily displaced during the manipulations of staining and may 
resemble flagella, for which at one time they were mistaken. The whole 
spirochaete is covered by a layer of slime-like material to a thickness of 
about 0*08 p. 

This spirochaete stains readily with Romanowsky stains {e.g. Leish- 
man’s), and may exhibit uniform staining or beading. It can be stained 
also with carbol fuchsin, and is Gram-negative. In flesh preparations 
of blood it can be seen with the ordinary microscope, but dark-ground 
or preferably phase-contrast illumination is more suitable lor its 
demonstration in the living state. Silver impregnation merirods may 
also be used for demonstrating the spirodraete in films or tissues. 

Cubwaium . — Ar ti fi c ial cultures were first obtained anaerobicalfy in 
Smith-Noguchi medium, citrated blood containing spirodbaetes nom 
an infected anhnal, o.g. a white rat, being used as the inoculum. 

Cultures have also been obtained in the following med^ but tire 
organism does not readily adapt itsdf to artificial gmwtii in the lab- 
oratory: (1) horse serum diluted with 2 parts of saline solution, and 
z % 
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with 1 ml. of broth, containing 10 per cent, peptone, added to 10 nd. 
of the diluted serum; for subcultures, a drop of rabbit blood is also 
added; the medium is covered with a paraffin seal; (2) 20 per cent, 
rabbit serum with 80 per cent. Hartley’s broth in tubes to each of which 
1 g. of coagulated egg albumin is added; a vaseline seal is super- 
imposed and the cultures, are incubated at 30° C. ; (3) egg albumin is 
placed in a test-tube and coagulated by heat in the form of a slope ; 5 ml. 
of horse serum diluted 1 : 10 or rabbit serum diluted 1 : 5 are then 
added, the serum having previously been heated at S8°-60° C. for one 
hour; the medium is covered with a layer of sterile vaseline; before 
an inoculation is made, a drop of fresh rabbit or human blood is added. 
The spirochaetes may also be grown in the chick embryo. The in- 
oculum is introduced into the allantoic cavity of 17-18 day embryos 
and on hatching large numbers of spirochaetes can be found ini the 
chick’s blood (Oag, 1940). , 

l^thogenesis. — The organism is present in the peripheral bl\)od 
during the pyrexial stage of the illness, and can be detected in bl^d 
films. When defervescence occurs it disappears from the blood, but 
may still be present in considerable numbers in the spleen, where it is 
phagotytosed by large mononuclear cells. 

It is transmitted from person to person by the body louse, PedUtdus 
humanus var. corporis. After this insect has sucked blood from the 
infected individual the organisms are demonstrable in the stomach for 
a day, and then disappear. They reappear after about six days in the 
body cavity, become widespread throughout the body of the insect and 
are traiumitted to the eggs. Infection results either through the con- 
tamination of the bite-wound with the infective excreta of the louse, 
or by crushing of the infected lice with the fingers in the act of scratching 
and by the simultaneous inoculation of the abrasions. Monkeys, white 
Mce and white rats can be infected experimentally by subcutaneous 
injection of blood from a case of relapsing fever. The guinea-pig is 
not susceptible. 

Chemotherapy.— Borr. recurrentis is sensitive to penicillin and also 
to the tetracyclines. 

Borrelia duttoni 

T^e organism of West Africa Relapsing Fever (African tick fever). 

Thts organism is morphologically similar to Borr. obermeieri, but 
represente a separate species. Granules with the staining reactions of 
chromatin have also been observed in the spirochaete; these apparently 
s^amte from the spirochaete, and have been regarded as a phase in the 
me hutory of the organism. There is electron microscopical evidence 
that these granules contain coiled-up spirochaetes. It seems probable 
that they are foimed under adverse physical conditions and that they 
reprewnt a resting phase rather than a stage in iraroduction. Such 
granules Mve been noted in the Malpighian tubules of infective ticks. 

• » transmitted by ticks (Omithodorm nunAata and other 

species). After taking a blood meal a tide may remain infective for as 
tong as five years. The spirochaetes are transmitted tiansovarisUy to 
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succeeding generations of ticb. Man is infected in most cases from 
contamination of the bite wound by infective excreta of the tick, but 
occasionally the bite itself or particularly the bite of the larva may also 
transfer the spirochaetes. The main mammalian reservoir of infection 
is small rodents but pigs, porcupines, opossums and armadillos may 
also harbour the spirochaetes. 

Borr. duttmi is pathogenic to monkeys and certain laboratory 
animals {e,g. rat, mouse). It possesses a greater virulence for moidseys 
and other animus than Borr. recurrentis. Like Borr. recurrenii$i Borr, 
duttoni is sensitive to penicillin and the tetracyclines. 

Other Relapsing Fever Spirochaetes.— The originally described 
spirochaete of NorA American relapsing fever resembles Borr. re- 
currentis^ but has been regarded as a spearate species on the basis of 
immunity reactions. It has been designated Borrelia novyi. It is 
louse-borne. 

The organism of Indian relapsing fever also corresponds in its 
biology and pathogenesis to Borr. recurrentis. It has been named 
Borrelia carteri^ but it is doubtful if the Indian strains can be diflFer- 
entiated from the European. This infection is also louse-borne. 

Various specific names have been given to relapsing fever spirochaetes in 
different parts of the world, but it is questionable whether all these biological 
designations are justified. 

Louse-borne spirochaetal relapsing fever, similar to the Indian form, 
occurs in various parts of Asia, but in Central Asia tick-borne relapsing fever 
18 also present. 

The common form of relapsing fever in North Africa is louse-borne. In 
tropical Africa the prevalent type is tick-borne (African tick fever, vide supra)^ 
though louse-borne infections occur in West Africa. 

In the United States, Central and South America both louse-borne and 
tick-borne forms of the disease have been observed. 

Immunity to the Relapsing Fever Spirochaetes, — Recovery from an 
attack is associated with the appearance of agglutinating and lytic 
antibodies in the blood serum (Stein 1944), and in this way the general 
infection is temporarily checked, though spirochaetes may still persist in 
the internal organs. It would appear Aat the relapse is due to antigenic 
variation in the surviving spirochaetes. The variant strain, uninfluenced 
by the antibodies produced towards the parent organisms, is able to 
flourish and re-infect the blood. Multiple relapses, as in African re- 
lapsing fever, are apparently due to repeated antigenic variation, la 
Indian relapsing fever in which there are usually two attacks only, the 
relapse-strain transmitted experimentally to animals reverts to the 
serological characters of the original strain after producing a first 
attack in the animal 


Latxnratofy Dtagnosaa 

During the pyrexia! phases, the spitx>chaete8 can frequently be 
demonstrated in the blood, but not during apyrexial intervals. 

Thin or thick blood films are made as in malaria diagnosis, and 
stained by Leishman’s method. 
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Some workers prefer to stain the films with dilute carbol fuchsia. 

If a drop of blood is mounted on a slide under a cover-slip and 
examined with the oil-immersion lens, the spirochaetes may be detected 
in the unstained condition and show active movement. A more satis- 
factory method of demonstrating them, however, is by dark-ground, 
or phase-contrast illumination. 

If spirochaetes are not detectable, inoculation intraperitoneally of 
white mice with 1-0-2 0 ml. blood drawn from a vein may reveal the 
infection, the organisms appearing in considerable numbers in the 
blood of the animals. A drop of blood from the tail of the inoculated 
animal is examined daily for a considerable period. An inoculum of 
0*2 ml. of blood into the chorio-allantoic sac of the chick embryo may 
also be used. 

Lice taken from a case can be examined for spirochaetes by keeping 
them in a test-tube for a day, then placing them in drops of distilled 
water on slides and piercing them with a needle so that the haemol^le 
fluid becomes mixed with the water, which is then examined micro- 
scopically by dark-ground illumination. The spirochaetes can also be 
demonstrated in ticks by examining stained films from the stomach 
contents. 

Borrelia theileri 

This spirochaete is responsible for a blood infection occurring in cattle, 
sheep and horses in Africa. The disease is of a comparatively mild type. The 
organism appears as a spiral filament, 10-30 fi by 0’25-0*3 /x, and is actively 
motile when seen in fresh preparations of blood. It is transmitted by a tick 
{Margaropus decoloratus). 

Borrelia anserma 

This organism is the cause of *Towl spirochaetosis” a septicaemic disease 
with a high mortality. Geese, ducks, turkeys and other poultry may also be 
affected. The disease occurs in the Middle East, the Sudan and other parts 
of Africa and in North and South America. Borr. anserina can be seen in 
the blood of the infected bird both in unstained preparations and in films 
stained by a Romanowsky stain or dilute carbol fuchsin. It is a motile spiral 
organism, 10-20 fi in length by 0*3 fi in breadth, and exhibits several coik. 
Artificial cultures have been obtained in Smith-Noguchi medium. The 
disease is transmitted by ticks, e.g. Argos persicus, and a granular phase has 
been described analogous to that observed in the case of Borr. duttcm {vide 
mpra)» By experimental inoculation various species of birds may be infected, 
but mammals are not susceptible. Birds at the height of infection can be 
cured by the use of penicillin. 
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CHAPTER 30 


SPmOCHAETES {cmtinued) 

Leptospira 

The genus Leptospira consists of a group of spirochaetal organisms 
some of which cause leptospirosis in man and animals. It includes both 
saproph}rtic and parasitic members. The saprophytes derived from 
water are known collectively as Leptospira biflexa. They are distin- 
guished from parasitic leptospires by their inability to infect nnitwali, 
and by the ease with which they can be grown in simple media witl^out 
the addition of serum. The parasitic members include all the known 
pathogenic leptospires of man and animals. They are indistinguishsfcle 
from one another morphologically and culturally and any differencS'in 
their pathogenicity, geographical distribution and animal host predil^- 
tion are not sufficiently constant to form the basis for classifying them 
into further species. Antigenic differences however exist and on this 
basis a large number of serotypes have been identified and named. 
Classically the infection in man occurs as a haemorrhagic jaundice 
(Weil’s Disuse), but a febrile anicteric syndrome is conunon and 
benign meningitis may be the most prominent feature. Serological 
tests have also shown that infection may occur without any obvious 
symptoms of disease being produced. These subclinical cases are 
mostly found in certain occupational groups where the risk of infection 
is high — vide infra. 

Morphology and Staining.— Leptospires are about 7-14 n long by 
01 fi broad. The coils are very numerous and so small and closely set 
together that they are difiicult to demonstrate in stained preparations, 
though quite obvious by dark-ground illumination. In addition to 
these “elementary” spirals, larger “secondary” coils may be seen, 
especially in stained films. Hooked ends are a characteristic morpho- 
logical feamre. Leptospires have a single, straight and somewhat rigid 
central axistyle around which is wound the cytoplasm of the spiro- 
chaete, the whole being contained within a clearly defined cell wall. 
Active movement is observed in fresh preparations examined with the 
microscope. The movement is mainly rotary but the 
organisms are also seen to glide rapidly across the field with either end 
foremost, occasionally bending and straightening again into the rigid 
form so characteristic of the genus. 

organisms can be stained by Giemsa’s solution and by the 
silvw impregnation methods of Levaditi and Fontana (q.v.). 

Cultivation.— Leptospires are readily cultured in fluid media but 
the pa^itic members require the addition of animal serum. Rabbit 
serum is usu^y employed but guinea-pig, she^ and catde sera may be 
equally satisfactory provided no natural antibodlies are present (it is 
advisable to test ^rum for the presence of leptospiral antibodies before 
incorporating it in the medium). For the primary i so lati on of lepto- 
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spires and for nuiintaining stock cultures of the various serotypes for 
serological work, Stuart’s and Korthors liquid media are recommended. 

A semi-solid medium such as Dinger’s modification of Nogudii’a 
medium is useful for maintainii^ sto^ cultures. It has the advantage 
of evaporating less rapidly than fluid media and is thought to maintain 
the virulence of the organisms longer, since subculturii^ need not be 
done so frequently. Solid culture media on which single colonies of 
leptospires may develop have been devised by Cox and Larson (1957) 
and by Kirschner and Graham (1959) but culture on solid media is not 
readily obtained. Leptospires grow best between 28® C. and 32® C. 
For primary isolation from animal tissues incubation at 37® C. may be 
advantageous. The culture is transferred to the lower temperature 
when growth is established. 

Viability . — Unlike the saproph)rtic leptospires it is unlikely that 
the pathogenic serot 3 rpcs multiply much outside the animal body 
although they may survive for many days if the external conditions are 
favourable. They require moisture for their survival and since they 
are particularly susceptible to acid, they seldom remain viable for long 
in localities where the pH of the water is less than 6-8. Salt water has 
a deleterious effect. They die out rapidly in acid urine, in sewage and 
in badly polluted water. They are susceptible to heat: 10 min. at 
50° C. or 10 sec. at 60° C. kills them. They may survive for a time in 
infected animal tissue provided it is kept at a low temperature; thus 
guinea-pig liver has remained infective for up to 26 days at 4° C. and 
for 100 dbys at -20° C. They are rapidly dissolved by bile and by 
trypsin. The organisms in culture and in experiment^ animals are 
moderately sensitive to penicillin, streptomycin and the tetracyclines 
and these antibiotics may have value as therapeutic agents in man if 
given early in the infection. 

Pathogenesis. — Most types of pathogenic leptospires are carried by 
various species of wild rodrats (alAough in some cases, other animals, 
e.g, dogs and pigs, appear to act as the natural animal hosts). Each 
serotype has apparently a host of predilection, e.g. L. icterohaemorrhagiae 
IS carried by the brown rat (Rattus norvegicus) and L. h^damadis (the 
cause of seven-day fever of field workers in the Far East) by the field 
mouse {Microtus montebeUoi^. The leptospire is usually well adapted 
to its host. It localises in the kidneys where it colonises the convoluted 
tubules without apparently causing any harmful effects. Periodically 
leptospires are shed in large numbers in the urine and in this medium 
may be transferred to other susceptible animals and to man. The 
organisms probably penetrate the skin and mucous membranes duouf^ 
cuts and abrasions. Certain occupations predispose to infection, e,g. 
workers in wet coal mines, sewage workers, fish handlers, etc. are purtto^ 
larly liable to infection by L. ktertJiamorrhtfgiae since the conditbns in 
which they work frequently encourage rat infestation, while moist condi- 
tions allow the lepto^tires to survive for a time mitside the a nima l bod^. 

Leptospiral infection may follow baffling or accidental total im- 
mersion in stagnant ponds, canals or rivers polluted by rodents and in 
these the organisms may penetrate the mucous membranes of the 



MEDICAL MICROBIOLOGY 


360 

eyes and nasopharynx. Instances of infection through the consumption 
of contaminated food and water have also been reported. 

Agricultural workers especially those engaged in work in the fields, 
e.g. rice-fidd workers, sugar-cane cutters, etc., are particularly liable 
to inf ection derived from the urine of rodents; in fact, this group of 
workers provides the highest proportion of all cases. 

Laboratory Diagnosis 

Because of variability in the severity of the infection and the frequent 
absence of jaundice, leptospirosis should alwa}rs be considered in cases 
of undiagnosed pyrexia when the patient is likely to have been exposed 
to infection either through the conditions of his work or from some 
other cause {pide supra). s 

When attempting a laboratory diagnosis of suspected leptospiipsis, 
the following points should be borne in mind: — (a) During the ferst 
week of illness, leptospires are present in the blood, but leptospirael|nia 
is rare after the eighth day. (6) Leptospires may be present in Ae ui*ine 
during the second week of the illness and continue to be excreted 
intermittently for 4 to 6 weeks after the onset (infrequently for longer 
periods). They are more readily detected during the second and third 
weeks than later. Since leptospires are very sensitive to acid urine 
and may be l)rsed by antibodies present in the urine, the urine should 
be examined immediately after being voided, (c) Antibodies may 
generally be detected in the blood serum towards the end of the first 
week (dthough their production is occasionally delayed for longer 
periods) and increase in amount during the second and third weeks, 
after which they begin to decline. Residual amounts, however, may 
remain for many years after an infection. It is advisable to examine a 
specimen of serum during the early days of the illness and at 4 to 5 day 
intervals thereafter in order to demonstrate a rise in titre. This is 
necessary to eliminate the possibility that the reaction may be due to 
residual antibodies. Paradoxical reactions in which the titres of 
heterologous antibodies may at first exceed those of the homologous 
ones are also clarified in this way. 

(1) Examination of Blood (a) Dark-ground Microscopy . — During 
the first week leptospires may be detected by dark-ground microscopic 
examination of imtreated blood. Only a small percentage of cases of 
leptospiraemia are likely to be detected in this way, but the technique 
of differential centrifugation of Ruys (Wolff, 1954) may enhance the 
chances of seeing the organisms and thereby mdke an early diagnosis 
possible. This is done on a blood specimen to which a buffered anti- 
coa|[ulant (pH 8) has been added. (1 ml. of 1 per cent, solution of 
rodium oxi^te in buffer to 10 ml. blood or 1 ml. of 1 per cent, “liquoid” 
in sterile saline to 5 ml. blood. These are preferable to sodium citrate 
which may have a deleterious effect on leptospires). The blood is 
centrifuged at 500 r.p.m. for 15 min. A drop of plasma is examined 
by dark-ground microscopy (guinea-pigs may be inoculated wiA the 
sediment). If negative the pl^ma is centrifuged at 10,000 r.p.m. for 
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I minutes and t!he sediment examined microscopicaUy. (b) CvlHva- 
)n. Bijou bottles containing 3 ml. fluid culture medbum are inocul> 
ed with 3 or 4 drops of the patient's whole blood, strict attmtion 
:ing paid to aseptic technique (leptospires will not grow in the presence 
contaminants). Alternatively, the deposit after differential centri- 
^tion {vide ai^a) may be re-suspended in 2*0 ml. phosphate buffered 
line (pH 8*1) and a few drops of it used to inoculate 4 to 6 botties <ff 
ilture medium. Daily culturing of the blood during the first few days 
the infection considerably enhances the chances of isolating the organ- 
ms. (c) Animal Inoculatton, — Laboratory animals, usually guinea-pigs 
id hamsters, are inoculated intraperitoneally with whole blood during 
e first few days of the illness. Three days after inoculation and daily 
ereafter peritoneal fluid is withdrawn with a finely drawn-out Pasteiu: 
pette introduced into the lower part of the abdomen while the animal 
held in an upright position with stretched hind legs. As soon as 
ptospires are detected microscopically in the peritoneal fluid where 
ley tend to localise during the early stages of iiffection, blood is with- 
rawn by cardiac pucture and a few drops introduced into several bottles 
■ culture medium. Guinea-pigs are very susceptible to L. ictero- 
lemorrhe^iaet whereas the golden hamster {Cricetus auraius) is more 
isceptible than the guinea-pig to L. caaicola. The animab should be 
sed when about 6 weeks old, since older animals may be more resistant. 

1 t 3 q>ical cases, the inoculated animals die in 8 to 12 days with 
undice, haemorrhages in the lungs, under the serous membranes and 
I the muscles. 

(2) Examination of Urine. — During the second and third weeks 
id sometimes for longer periods leptospires may be present in the 
fine. They may be seen by dark-ground examination of the sediment 
;ter centrifuging a portion of the urine at 3,000 r.p.m. for 10 minutes, 
hrect culture of urine is not usually successful because of contam- 
lating organisms, but they may be demonstrated by the inocula- 
on of two young guinea-pigs intraperitoneally with 2 ml. of tieshly 
oided urine and ^e subsequent culture of the animals* blood {vide 
ipra). 

(3) Identification of Newly Isolated Strains. — ^With a suspen- 
lon of the organism and its homologous antiserum prepared by 
nmunising a rabbit with a living culture an attempt can be made 

0 identify a newly isolated strain as far as possible by comparing 
t with stodi serotype and antisera by agglutination and agglutinin- 
ibsorption tests, llie procedure of identification may be a lei^;thy 
ne and require the use of stock antigens and antisera not available 

1 the average diagnostic laboratory. In such cases, or whenever thm 
I doubt about tiie identity of a newly isolated strain, it is recommended 
' at help should be sought from one of the WHO/FAO Leptospirotis 
ference laboratories. For the addresses of thme laboratories see 

10 Report (1959). 

(4) Serological Dugnosis.^ — ^Two methods are described l^w 
carrying out a diagnostic serological investigation of the patient’s 
am. 
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(a) Aggbaination-Lysis Tart.— The following technique is based on 
the standard procedure used in laboratories throu^out the world and 
first developed by Schuffiaer (see Wolff, 1954). ^ 

For the test well-grown cultures of leptospires in Korthofs or 
Stuart’s media are used. They should be from 7 to 10 days old and 
uniform in suspension. Separate tests are set up against each serotype 
likely to be responsible for the case under mvestigation. Dilutions of 
the patient’s serum are made by the dropping method either in tubes 
or in depressions in porcelain plates. The procedure is summarised 
as follows: 


Tube No. 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

First row: 






1 m 

Saline 

8 

9 

9 



drops 

Serum 

2 

1, 

1, 



drops 


from (1) from (2) 




Dilution of serum 

1/5 

1/50 

1/500 




Second row: 







Culture 

3 

3 

3 

3 

3 

3 drops 

Saline 


2 


2 


2 drops 

Serum 1/500 





3 

1 drops 

Serum 1/50 



3 

1 


drops 

Serum 1/5 

3 

1 




drops 

Final dilution: 

1/10 

1/30 

1/100 

1/300 1/1000 

1/3000 


The mixtures are incubated at 32° C. (or 37° C.) for 3 hours and 
allowed to stand at room temperature for 1 hour before being read. 
Alternatively, if specimens are received late in the day the test mixtures 
are kept in Ae refrigerator (4° C.) overnight and read the following 
morning. Place a drop from each tube on a slide and examine with 
a 16 mm. objective using dark-ground illumination. Wolff advocates 
the use of water instead of immersion oil between the condenser 
and the slide. It gives quite adequate illumination and is much 
cleaner than oil. It is not necessary to place a cover-slip over the drop 
and if each drop is quickly examined consecutively a large number 
may be included on one slide. Both agglutinating and lytic antibodies 
are detected by this test. Agglutination is more obvious in the lower 
dilutions and lysis in the higher. Lysis is indicated by a reduction in 
the number of live leptospires present in the serum-antigen mixture 
when compared with a non-serum control. 

(b) Agglutination Test {Broom ). — This involves essentially the same 
technique as the agglutination-lysis test except that the cultures are 
killed by adding fornudin to give a final concentration of 0*2 per 
The formalin should be neutralised with magnesium carbonate, sined 
any traces of formic acid will cause non-specific agglutinatitm. Thd 
serum-antigen mixtures are kept in the refrig^tor ovenught (noj 
incubated) before being examined for agglutination. Lysis does n"* 
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icur. Killed antigens are more convenient and safe for routine work 
id stock suspensions of various serotypes may be stored until required, 
hey have the disadvanUge of tem&g to be unstable and li^le to 
ump spontaneously. Titres of agglutination are slightly lower than 
ose attained with living cultures. 

Diagnostic Titres . — Since many serotypes are related serolc^cally 
,g. L. canieola and L. icterohaemorrh^ae have common antigens) 
ere may be a certain amount of cross-reaction between the strains 
ed in one test. Titres of 1/300 and 1/1000 for a particular strain may 
significant (they may rise to 1/30,000 or higher). Bearing in mind 
e possibility of non-specific agglutination and residual antibodies 
ide supra) the significance of a single positive titre must remain in 
lubt unless a rising titre can be demonstrated. 

A control must be included in both methods. 

Other serological tests may also be employed. A rapid macroscopic- 
de test has been devised by Galton et al. (1958) and is being used in 
me laboratories as a screening test. In the erythrocyte sensitisation 
•t (Chang and McComb, 1954), human red blood cells are treated 
th an ethanol extract of leptospires and are rendered agglutinable by 
mm antibodies. In the sensitised erythrocyte lysis test (Sharp, 1958), 
e addition of complement to this system causes the lysis of sensitised 
Us. Both these tests are genus specific, their main value lying in the 
pid screening of human sera for evidence of antibodies resulting from 
ptospiroses of all kinds. 

Complement-fixation tests have also been used. In most of these 
e antigens used have proved to be type-specific in iheir reactions 
though Sturdza and Elian (1960) report successful results from a genus 
ecific antigen prepared by adding sodium merthiolate in a concentra- 
)n of 1/10,000 to a 8-10 day-old culture of the saprophytic L. biflexa 
train Patoc). 

5. Examination of Rats and other Rodents for Leptospiral 
vFECTiON. — Carcases of rats dead for even a few hours are unsatis- 
ictory for examination. Whenever possible the live animal should be 
:nt to the laboratory. It is then possible to anaesthetise die animal 
nd to obtain blood by cardiac puncture for examination by the 
lethods described. In^rect evidence of infection can be oblained 
V the agglutination test with serum. Even low titres, 1 in 100 or less 
indicate infection. The kidneys should also be examined by 
Ktdi cultivation and animal inoculation methods. 

In screening rats and other rodents for leptospiral infection satis- 
ictory results have been obtained by inoculating culture me^ with 
particles of kidney tissue punched out with a sterile Pasteur 
ipette after the surface of the kidney has been seared with a red-hot 
alpel blade. 

6. Examination of Water for Pathogenic Leptospires.— This 
be done by immersing a ^ved and scarified area of skin of a young 
i-pig in the water for an lunir at 30° C. Infec^on takes place 
>gh the skin with the resulting characteristic conditimi aa deactfihed 
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Padiogenic Leptoq>ires 

Over 80 different pathogenic serotypes and subserotypes have been 
identifi«»d, many of which are associated with disease in man. ']^ey 
tend to Hiflfer in the degree of their pathogenicity to man and animal 
and in their natural hosts, but the only reliable method of classifying 
tb «»Tn is on Ae basis of their serological differences demonstrated by 
agglutination and agglutinin-absorption tests. 

In Great Britain only two serotypes of leptospires have so far been 
isolated from human infections, viz. icterohaetnorrhagtae and ccmicola, 
but it has been ascertained that field mice, voles and hedgehogs are 
carriers of other seroses, viz. ballutn, strains related to saxhodii^ and 
bratislava which are known to be pathogenic for man in othei(| parts 
of the world (Broom and Coghlan, 1958, 1960) H 

The following exemplify the various pathogenic serotypes which 
have been recognised in different parts of the world. 

L. icterohaemorrhagiae. — This organism is one of the more virulent 
forms of Leptospira. It is the most frequent cause of classical Weil’s 
disease (haemorrhagic jaundice) although milder conditions may result. 
It is carried by species of rats (notably R. norvegicus) and other rodents 
in all parts of the world and human cases arise under conditions where 
rats abotmd. Two biotypes exist one having an antigenic structure 
AB represented by strain Wynberg, the other the incomplete biotype 
A by strain Kantorotoicz\ both strains having been isolated from 
human cases of Weil’s disease in Amsterdam. 

L. carUcola. — This serotype is closely related antigenically to ictero- 
haemorrhagiae but may be ^stinguished from it by serological tests. 
It is the cause of so-called “canicola fever” in man and of a common 
infection of dogs characterised by nephritis often chronic in nature and 
rather inconstantly by a variable degree of jaimdice. The leptospire 
are excreted in large numbers and may invade through abrasions ii 
the skin of people whose hands become contaminated with dog urine 
Jackals and pigs may also harbour the organism, and piggery worke 
have contracted the infection through handling infected pigs (Coghla 
Norval & Seiler, 1957). 

Canicola fever in man is one of the milder forms of leptospirosis, ii 
which meningeal symptoms predominate. Jaundice is only occasional!] 
produced and then only in a slight degree. As with most forms o 
leptospirosis, renal involvement is a common future, but the symptoinj 
vary considerably in their intensity. The disease is rarely fatm. 

L. hebdomadis. — This organism is responsible for “Seven-day fevei 
of the East, which is a non-icteric febrile illness with meningitis. It 
carried by a field-mouse {Microtus montebelhi) and consequently, fi® 
workers are liable to the infection through becoming contaminated wi 
infected mouse iirine. 

L, autumnaUs. — ^This organism has been found associated with 
disease in Japan called Akiyami or harvest sickness dinically iudisti 
guishable from “Seven-day fever”. L. auhmmUt can be distinguish 
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from L. hdfdomadis by its high infectivity to guinea-pigs, in whidi it 
produces t^ical haemorrhagic jaundice. It is carried % certain species 
of field-mice and rats. “F^ort Bragg fever”, which occurred unong 
troops in North Carolina, U.S.A., was found by serological tests to 
have been caused by a closely related organism. 

L. grippotyphosa has been described as the cause of “Swamp fever” of 
Europe and certain parts of Asia, Africa, Israel and U.S.A. It usually 
attach agricultural workers and produces a relatively mild illneto 
resembling canicola fever with a low mortality rate. V^arious t|>ecies 
of voles cany the organism. In the U.S.S.R. and Israel, cattle have 
been seriously affected. 

L.pyrogenes produces a febrile illness with or without jaundice and 
varying in its severity. It occurs among field workers in Indonesia 
and other parts of the Far East. Certain species of rats appear to act 
as reservoirs of infection. 

L. australis and zamm (previously referred to as australis A and B 
respectively). — These organisms are causal agents of “Cane fever” in 
North Queensland. Sugar-cane workers are mainly affected, but 
zanoni may also infect urban dwellers. The illness is comparatively 
mild but convalescence is protracted. Lymphadenitis is a common 
feature. Certain species of rat are the carriers of the organism. 

L. pomona (s}m. rutr). — ^This organism was first isolated from cases of 
“Seven-day fever” among dairy farmers in North Queensland. It was 
later found to be the cause of “Swineherds’ ” disease in Switzerland. 
Pigs act as the reservoir hosts and usually suffer little effect; cattle are 
susceptible, especially calves and pregnant cows. In the U.S.A. the 
infection causes a heavy yearly loss of cattle due to jaundice and haemo- 
globinuria of calves and abortion of cows and pigs. The organism 
has been isolated in many parts of the world from human and animal 
sources. Certain species of field-mice may also act as carrier hosts. 

L. bataviae. — ^This organism causes leptospirosis of rice-field workers 
in Italy, where the field-mouse {Mkron^s mimtus sorcinus) is the 
reservoir host. The disease in that part of the world is comparatively 
did and jaundice is rare. In S.E. Asia, however, where the chief 
irrier host is the brown rat {Rattus norvegicus) cases are much more 
;vere, jaundice is common and death may occur. 

L, s^oe was first observed in human infection in the island of Sejroe 
Denmark). It has also been recorded in other parts of Europe. The 
isease is relatively mild. Certain rodents are carriers of the organism, 
id related strains have been isolated from rodents in Great Britain. 
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PART III 

VIRUSES AND OTHER MICROORGANISMS 


CHAPTER 31 

THE POX VIRUSES 

"he characteristic feature of the diseases caused by the pox group of 
iruses is the formation of papules, vesicles and pustules in the skin; 
eneralised manifestations of illness may be very severe or entirely 
bsent. In man these viruses cause smallpox, alastrim, vaccinia, and 
lolluscum contagiosum. In animals they give rise to cow-pox, swine- 
ox, monkey-pox, mouse-pox (ectromelia) and to similar diseases in all 
omestic animals except the dog and cat Myxomatosis in rabbits is 
iie result of infection with a virus which has many of die characters of 
pox virus. Avian pox viruses cause fowl-pox and similar infections 
1 turkeys, pigeons, canaries and a wide variety of other birds. In 
vian pox diseases the lesions tend to be proliferative rather than 
ustular with the formation of multiple tumour-like masses. 

Pox viruses are within the size range 200 x 300 m/t to 264 x 332 m/i 
nd are large enough to be visible with the light microscope. They 
lave a predilection for infecting epithelial cells, in which they produce 
haracteristic eosinophilic intracytoplasmic inclusions. The great 
oajority of pox viruses can be cultivated in the chorio-allantoic mem- 
irane of chick embryo, where they give rise to pock-like lesions which 
xe easily recognised with the naked eye. Under natural conditions, 
lowever, most of these viruses are restricted to a single host, although 
lotable exceptions are the cow-pox and vaccinia viruses which can 
nfect man, cattle and a number of other animals. Animal pock- 
)roducing viruses are closely related antigenically to each other, but are 
iistinct from the avian pox viruses. 

SMALLPOX AND VACCINIA 

Smallpox virus (Poxvirus variolae) and vaccinia virus (Poxvirus 
officinalis) 

Morphology and Stamng.—Tbt particles of both viruses are 200- 
300 tap in diameter as seen by dark-ground microscopy or in stained 
preparations are roughly spherical in shape. They can be stained with 
milme dyes, as in Gutstein’s or Paschen’s methods but not by Casta- 
neda’s method. When dried films of purified virus preparations are 
.examined electron-microscopically, the appearance is t^t of bridt- 
jehaped particles measuring 210 x 2ki tap, in which die central area is a 
kass of material especiaUy opaque to ^e electron beam. This brick- 
shaped appearance, however, may be an art^ict because m uhra-thin 
lections (d infected cells the virus particles are oval in shape and have a 
pulti-layer^ covering membrane. In preparations stained negativdy 
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with phospho>tungstic add the virions appear to be cylindrical with 
convex ends. Intenudly a central disk-like structure, a “nucloid*’,' 
is seen together with hollow tubular structures 7-9 m/u in diameter 
(Westwood et aZ., 1964). The latter pve a striking appearance and are 
wound from side to side of the partide into a criss-cross pattern. It 
has not yet been possible to determine the nature of these strands nor 
to dedde whether they are multiple or whether the appearances are 
those of a single continuous strand. The vacdnia virus contains DNA 
and this is thought also to contain phospholipids, neutral fat, carbo- 
hydrate, flavin and biotin in proportions similar to those of bacteria 
and mammalian cells. 

Host Range . — ^The host range of the smallpox virus is limited to 
the primates; apart from man, monkejrs are the only animals susceptible 
to natural infection. Other animals are only slightly susceptible, and 
of these the rabbit is sometimes used in Paul’s test for the snWlpox 
virus; here the virus is inoculated into the scarified cornea and produces 
a keratitis. Intracytoplasmic inclusions (Guamieri bodies) in epiljhelial 
cells are characteristic of infection with variola and vaccinia vituses; 
they are roimd or oval, eosinophilic and there may be one or mote in 
an infected cell. Guarnieri bodies consist of masses of elementary 
bodies set in a matrix. The vaccinia virus has a much wider host range 
than the variola virus; calves, rabbits and sheep are all used regularly 
for the propagation of the virus for vacdne lymph, and monkeys, mice, 
rats, hamsters and guinea-pigs can also be infected, though they are 
rather less susceptible. 

Both viruses grow well on the chorio-allantoic membrane of the 
ten-day-old chick embryo, each producing its own characteristic pocb. 
The variola virus gives rise to white circular plaques of epithelial 
hyperplasia which are visible to the naked eye 48 hours after inoculation 
and reach 1-2 mm. in diameter ,^n 72 hours; these lesions are uniform 
in size and often lie near the blood vessels of the membrane. The 
virus from cases of alastrim may grow more slowly and the pocks may 
not be visible until four to six days after inoculation (Diunbell, Bedson, 
and Bossier, 1961). The pocks of the vaccinia virus are generally muc*- 
larger and more variable in size than those of the variola virus; afte 
incubation for 72 hours the majority are 4-5 mm. in diameter with 
definite yellowish colouration. Smdl seedling pocks beside the large 
pocks of vaccinia are characteristic. The pox viruses can be difierenti 
ated by the maximum temperature of incubation at which they are abl 
to produce pox on the allantoic membrane of 12-day chick embryo! 
Bedson and Dumbell (1961) estimated these '*?5eiling temperatures” fo 
alastrim as 37*5 "C., variola major 38*5 °C., ectromelia and monkey-F 
39 °C., cow-pox 40® C., and rabbit-pox and vaccinia 40*5-41® C., m 
found there was no correlation between these temperatures and 
thermal stabilities of the viruses at 55® C. in vitro. A useful distinguish 
ing character is that the variola virus will multiply and produce poacs i 
38*5® C., whereas the alastrim virus will not multiply or produce an; 
lesions at this temperature. In general the higher the ceiling tempera 
ture of a virus the greater is its virulence for &e chick embryo. 
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Vaccinia virus grows readily in many types of tissue culture; minced 
tissue syspensions of the Maitland type, explants in plasma clot of cUck 
embryo, and rabbit kidney tissues are dl highly susceptible. In mono- 
layer cultures of trypsinised human or monkey kidney, or in human 
amnion or HeLa cells the vaccinia virus produces a marked cytopaduc 
effect within 48 hr. of inoculation. In suitably prepared monolayer 
cultures of monkey kidney or other cells the virus gives rise to plaques. 

ViabiUty . — ^Variola virus is very stable and survives in <*xudatw 
from cases for many months; living virus has been recovered from 
crusts kept at room temperature for over a year. It can be preserved 
m sealed ampoules at 4° C. for many months and indefinitely by freeze 
drying. Vaccinia virus in calf lymph stored in the dark at — 10° C. 
retains its activity for at least three months. Between 0° C. and 10° C. 
raccine lymph retains its potency for at least 14 days, but at 
temperatures above 10° C. its activity may be lost after seven days. 
Freeze dried vaccine kept under an atmosphere of nitrogen at 37° C. 
and 45° C. maintains its activity for two years and at 4° C. indefinitely. 
The virus is destroyed by moist heat at 60° C. in ten min., but in 
the dry state can resist 100° C. for five to ten min. Both viruses 
withstand 10 per cent, phenol at 4° C. for several weeks, but at 37° C. 
are killed by it within 24 hr. Ultra-violet light. X-rays and gamma 
rays are rapidly lethal; 0-01 per cent, potassium permanganate and 
50 per cent. et%l or methyl alcohol and acetone kill the virus within 
one hour. A pH value of 3 destroys the virus within an hour. 

Ant^enic Characters . — It is very difficult to distinguish the three 
viruses of variola major, alastrim and vaccinia by serological methods 
because they all share major common antigenic components. Purified 
suspensions of variola and vaccinia viruses can be shown to contain two 
antigens; one, the LS antigen, dissociates from the elementary bodies 
on standing at refrigerator temperature; the other, the nucleoprotein 
(NP) antigen, is associated with the virus particles themselves. The 
LS antigen is a loose combination of the L and S components in an 
elongated protein molecule which is known to have a molecular weight 
of about 240,000. The L component is inactivated by heat at 60° C., 
but the S component is stable at 90° C. or above. .Amtibodies to the 
LS antigen precipitate and also fix complement with their homologous 
antigens, but they do not protect an animal from the effects of the 
vaccinia virus nor will they neutralise the virus in laboratory tests. The 
NP antigen can be extracted from elementary bodies with dilute alkali; 
It IS known to contain 6-0 per cent, desoxyribonucleic add and is a 
serologically specific component of the vaccinia virus. A soluble pro- 
tective antigen shared by the vaccinia and rabbit-pox viruses has been 
described by Appleyard, Zwartouw, and Westwood (1964); it combines 
With the neutralising antibody in hyperimmune sera and 1^ a molecular 
weight of 100,00(1-^,000. It is developed durir^ the early stages of 
(be reproductive cycle of the virus, is sm^er dian &e virus itself W is 
too lai^ to be dialysable. The relationship of this protective or “serum- 
blocking” antigen to the NP antigen or the haemagglutinin is not y«t 
decided. 

2a 
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HaimaggluHnatim.—Vtepzx9!6om of the vaccinia and variola viruses 
a^lutinate the red blood cells of mammals, but er 3 rthroc 3 rtes from only 
about 60 per cent, of fowls are sensitive to the virus. The haenu^lu. 
tinin is smaller than the virus particle and can be separated from it by 
cenOifugation; it is 65 mfi in diameter and is mainly composed of 
lipoprotein. When the haemagglutinin is removed frotn virus prepara- 
tions there is no loss of infectivity. The haema^lutinm is heat stable 
and able to withstand boiling for ten minutes; it is distinct from the 
virus particles and from the LS and NP antigens. Antibodies to the 
hemagglutinin are developed after smallpox and after vaccination; 
they are not related to either neutralising or LS antibodies. 

Pathogenesis. — Smallpox virus enters the body through the upper 
respiratory tract; it first infects the mucosal cells and soon afterwards 
is thought to reach the regional lymph nodes. At this stage the patient 
is not infectious and it is improbable that there is an open lesion ^n the 
respiratory mucosa. A transient viraemia may follow with the Sec- 
tion of reticulo-endothelial cells throughout the whole body; multiplica- 
tion of the virus in these cells leads to a second and more intense 
viraemia which heralds the onset of the clinical illness. The virus can 
be isolated from the blood in a proportion of cases of smallpox, but the 
phase of viraemia is short-lived and by the end of the second day of the 
fever the virus can no longer be detected. During the first three or 
four days of the fever the virus multiplies in the epithelial cells of the 
skin; focal lesions are formed which give rise to the rash, and macules 
appear in typical centrifugal distribution and progress to papular, 
vesicular and pustular stages. Smears made from the early papular 
lesions show very large numbers of elementary bodies and in the later 
stages crusts from the pustules still contain virus. 

Classical smallpox {variola major) has a case mortality which varies 
from 5 per cent, in patients wiA a discrete rash to 40 per cent, in 
fulminating cases with a confluent rash. Variola minor (alastrim) is 
much less severe than variola major at all stages of the illness, the rash 
is less profuse, the fever of shorter duration and the fatality rate is 
below 1 per cent. Variola minor may be indistinguishable from a mild 
case of variola major in a well vaccinated person. In other vaccinated 
contacts the infection may give rise only to fever and symptoms similar 
to those of the pre-emptive phase vrithout progressing further, a 
condition known as variola sine eruptione. 

Epidemiology. — The origin of infection in smallpox is a patient 
suffering from the disease. Infected particles may be inhaled directly 
by the susceptible contact. The vims may also be transmitted indirectly 
by clothing, bed-linen, utensils or dust, and there have been many 
occasions when workers in hospital laundries have contracted the infec- 
tion from contaminated bed-linen. Patients are not infective during the 
incubation period of the disease, but from the time of the first appearance 
of the rash until all emsts disappear they may be a source of Ae vinis-; 
The clinical picture of variola may be considerably modified by previous 
vsuxanation and persons who develop only minor symptoms of the 
disease provide a dangerous source of infection. 
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Variola major is endemic in India, Pakistan, Burma, the Middle 
ast, Latin America and parts of AMca. In Britain the disease is no 
iiiger endemic and outbreaks, when they have occurred, have been 
aced to importation of the infection from abroad. Although smallpox 
a highly inf^ous disease it has not so great an epidemic potential as 
leasles or chickenpox. When the disease has been introduced Brom 
jroad into Britain, extensive epidemics have not occurred and spread 
as usually been limited to close contacts of cases. A full description oS 
le epidemiology and clinical aspects of smallpox is given by I^xon 
[962). 

Laboratory Diagnosis 

Often there is great urgency in confirming the clinical diagnosis of 
mallpox. The coUection of the necessary specimens is described else- 
where (see p. 574; also the Ministry of Health Memorandum 1%3). 

I quick presumptive diagnosis can be made in about 60 per cent, of 
ases by the direct microscopic examination of smears from the skin 
»ions. These smears should be taken from papules or vesicles but not 
rom pustules because leucocytic granules and debris are indistinguish- 
ble from the virus. The fflms are stained preferably by Gutstein’s 
Ikaline methyl violet stain (see Chapter 45) and in cases of smallpox 
irge numbers of elementary bodies uniform in size and about 0-3 in 
iameter can be recognised. In chickenpox elementary bodies are 
isualiy scanty or absent but multinucleate giant cells are often present 
(idicating that the infection is varicella. A report on this finding can be 
iven wi^in two hours of the specimen reachii^ the laboratory. Smears 
(lay also be examined by the indirect immune fluorescence technique 
vhich Murray (1963) has developed for smallpox diagnosis. Although 
his method has not yet been tried out extensively it offers a specific and 
apid diagnosis. 

The presence of the virus can be detected rapidly in material from 
he skin lesions by preparing suspensions of vesicle fluid or crusts and 
(Sing them as antigens with a high titre antivaccinal serum in comple- 
nent fixation (Craigie and Wishart, 1936), or agar gel diffusion precipitin 
eactions (Dumbell and Nizamuddin, 1959). The results of these 
ests are available in 6-24 hr. The complement-fixation test gives 
> positive reaction in over 90 per cent, of cases of smallpox, but does 
lot distinguish between the vaccinia and variola viruses. 

The virus can be isolated from the skin lesions or from the blood 
n the pre-emptive phase of the illness. A suspension of vesicle fluid 
>t ground-up cmsts or semm from the blood is inoculated on to the 
ihorio-allantoic membrane of ten- to twelve-day-old diick embryos; 
ifier 48 hr. small white pocks are present and by 72 hr. they are 
^ mm. in diameter and identifiable as spedfic smallpox lesions. This 
|)iocedure detects the virus in over 90 per cent of cases of smallpox 
x>d has replaced the older method of inoculating the rabbit’s cornea 
(haul’s test) which is not sufficiently reliable ftnr routine use. 

The three meffiods described should be used in combination so tiut 
the tests may serve to check each other. The cmttbined use these 
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tests also helps to overcome the occasional difficulties which may arise 
from anticomplementary activity by the crust-suspension or the appear- 
ance of non-spedfic lesions on the chorio-allantoic membrane. The 
results of the tests provide a very sensitive indication of the presence oj 
the variola virus and give reliable confirmation or exclusion of the 
clinical diagnosis. 

Antibodies in patients’ sera can be titrated by their power tc 
neutralise the capacity of the vaccinia virus to form pocks on the chorio- 
allantois (Boulter 1957). Another method employs complement 
fixation with an antigen prepared from vaccinial lesions in the rabbits' 
skin. Antibodies do not appear in the serum in smallpox until the 
eighth day of the disease, and the test is seldom of diagnostic value. 
As 30-40 per cent, of persons vaccinated within six to twelve months 
give a positive result, the test is only of value in a limited number of cases. 

Vaccination may provide a useful diagnostic procedure becatfse less 
than 10 per cent, of cases can be successfully vaccinated on thlp firsi 
day of the rash in smallpox, and none after the sixth day. ' 

Prophylaxis. — When a case of smallpox is diagnosed the patient 
must be removed to a hospital or unit specially reserved for variola 
cases and, after admission, strict isolation precautions must be observed. 
The patient’s clothing, bedding, personal possessions and his house 
should be disinfected with steam or formaldehyde vapour. All 
persons who could possibly have been in contact with the patient 
or his possessions during the feverish phase of his illness must be traced 
and placed under supervision for sixteen days. 

The source of the infection must be sought and the chain of contacts 
followed back to the first notified case. In this work the results of lab- 
oratory tests may often be of great value in the diagnosis of doubtful cases. 

Close contacts of smallpox patients should be vaccinated as soon as 
possible, but this measiue may ,pnly be effective if used within two to 
three days of exposure. There is evidence to suggest that gamma- 
globulin prepared from hyper-immune serum in a dose of 1-5 g. affords 
some protection and it may be used to supplement vaccination of close 
contacts (Pierce et ah, 1958). 

Recently Bauer et al. (1963), have reported strikingly successful 
results from the prophylactic oral use of the drug N-methylisatin 
)3-thiosemicarbazone (also known as “Marboran” or “Compound 
33T57’’). 


VACCINATION . 

The practice of vaccination stems from 1798, when Jenner in- 
oculated a boy on the arm with the exudate which he obtained from i 
cow-pox lesion on the hand of a dairy-maid. When two months lat 
the boy was inoculated with material from a case of smallpox no illnc 
resulted and there was no local lesion. This simple and safe measur 
for protection against so serious an illness was soon taken into 
use all^ over Europe. At first arm-to-arm vaccination was pn 
but this was replaced by the inoculation of vaccinia lymph obtaine<| 
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rom the akin of calves infected with the virus. The'etrains of vaccinia 
t present used in vaccine lymph manufacture are avirulent mutants 
if obscure parentage but date from this time. 

The Preparation of Vaccine Lymph . — ^Vaccinia virus for vaccination 
s usually obtained by inoculating the shaved skin of a calf with pustuW 
naterial from the skin of a rabbit similarly inoculated. The seed virus 
s maintained by the alternate inoculation of calves and rabbits, a 
irocedure which is thought to hold its virulence at a constant level 
ii'irst the skin of the belly and flanks of the calf is carefully shaved and 
hen washed thoroughly ^ree times with soap and water ; this is followed 
)y treatment with 70 per cent, alcohol and a final wash with sterile 
listilled water. The area of skin to be vaccinated is then scarified with 
t multiple needle scarifier. The seed virus is next rubbed into the 
^arified area. To reduce bacterial contamination the area is treated 
Arith an antibiotic ointment and covered with a tight bandage. After 
m incubation period of five to seven days, and when well developed 
tresicular lesions are present, the animal is exsanguinated and killed. 
The vaccinated area of the skin is washed gently with soap and water 
three times, sprayed with penicillin and streptom 3 rcin, and then washed 
again with sterile distilled water. The contents of the vesicles are 
harvested with curettes and after weighing are stored at — 20 to — 60° C. 
This crude pulp is further treated by homogenisation in a mechanical 
blender and is diluted four to ten fold in glycerol saline or phosphate 
buffer solution. The glycerol concentration used varies with different 
manufacturers from 40 to 80 per cent, but it is now recognised that 
glycerol in high concentration tends to impair the stability of the virus 
and thus 40-50 per cent, glycerol is generally recommended (Dostal, 
1962). 

The bacterial content of the preparation is usually further reduced 
by the addition of 0*4 per cent, phenol and incubation for several hours 
at 22° C. Bacterial counts are made from the l 3 nQaph firom time to time 
and when the number of viable bacteria is reduced to a certain figure 
prescribed by the Therapeutic Substances Act, the material is passed for 
ssue provided that it is free from haemolytic streptococci, Clostridia 
ind o^er pathogenic bacteria, and oanforms to the standard of potency. 
It is necessary to store the lymph in the dark at temperature below 
-10° C. to maintain its potency. Details of the requirements for 
smallpox vaccines are to be found in W.H.O. Technical Report (1959). 

A modification of the method adopted at the Lister Institute 
anploys the propagation of the virus in ^ shaved skin of the flank of 
sheep. Tlie lymph produ<^ in the lesions is homogenised with two 
parts of one per cent phenol and held for 48 hr. at 22° C.; this 
generally lowers the bacterial count to the requirement of the Ihera- 
peutic Substances Act though if neorasary the treatmmt can be pro- 
longed for a further 24 hours; after this glycerol is added at a concentra- 
hon of 40 per cent, and the lymph is stored id — 10° C. (McClean, 1949). 

The potency of smallpox vaccines of this type dedinss at tempm- 
hires above 10° C. and may be entirely loM aftw seven days. To over- 
<^me this -difficulty and to facilitate transport over long distances in hot 
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Collier (1955) devised an improved method of presert^tion 
in vrhich the lymph is suspended in five per cent, bacteriological pq>tone 
in distilled water and adjusted to pH 74, then freeze dried. Vaccines 
prepared by this method have been shown to retain full potency, in tha 
they gave 100 per cent successful vaccination rates after storage fo] 
periods of 32 and 64 weeks at both 37° C. and 45° C. (Cockbum et al. 
1957). 

Egg Vaccines . — Smallpox vaccine can also be prepared by cultivatinf 
the vaccinia virus on the chorio-allantois of chick embryos, a procedure 
which has the considerable advantage that it can be carried out undei 
sterile bacteriological conditions. Because the virus tends to lose some 
of its immunising potency on repeated subculture in the egg, the seed 
virus used is obtained from calf lymph. The virus is extracted frQm the 
infected allantoic membranes and is suspended in saline; no glycerol 
is added but the required viscosity is obtained by including 0-l|5 pei 
c ent, agar. Tests of potency and sterility are similar to those required 
for calf l 5 rmph. Although the efficiency of egg vaccines has not yet been 
assessed in extensive controlled trials they appear to offer considerable 
promise. In Sweden an egg vaccine is used for public vaccination and 
95-97 per cent, of successful “takes” on primary vaccination has been 
claimed (Dostal, 1962). 

Tissue Culture Vaccine . — Bovine and chick embryonic tissues have 
been used for the propagation of the vaccinia virus for smallpox vaccine 
production (Wesslen, 1955; Kaplan & Micklem, 1961). The stabihty 
and potency of these vaccines are still in the process of development 
In a comparative trial of a vaccine prepared from vaccinia virus propa- 
gated in chick embryo fibroblasts with the conventional vaccine, Shaw anc 
Kaplan (1964) reported that the tissue culture vaccine produced fewei 
successful primary takes and fewer successful re-vaccinations. Tk 
vesicles and the size of the lesion with this tissue culture vaccine were 
smaller than with the conventional vaccine. 

Technique of Vaccination . — ^The multiple-pressure method is recom- 
mended. The skin is first cleansed with soap and water and allowed to 
dry. A drop of lymph is then placed at the site of inoculation and with 
the side of a Hagedom needle held parallel to the skin multiple “pres- 
sures” are made to the skin through the lymph (figs. 20 and 21)). I~ 
this way the inoculum is forced into the deeper layers of the epidermis 
The area inoculated may be only one-eighth of an inch in diameter. 
The number of “pressures” varies from ten to thirty, e.g. thirty foi 
primary vaccination of infants, ten for primary vaccination of children 
of school-age. This procedure involves less risk of septic infection and 
less severe reactions than may occur with the older scarification cross- 
hatdied method (Parish, 1952). The method also has the advantaj 
that it gives a higher success rate than the scratch method in persoi 
previously vaccinated (Bourke & Clarke, 1963). 

Alternatively a single scratch ^ in. in length may be made througli 
the drop of lymph, ^re should be taken to avoid any bleeding. N<> 
dressing is required until four to five days after vaccination, and th^ 
lymph should simply be allowed to dry in situ. 
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Fig. 20 

The multiple pressure method of vaccination against smallpox. 
Notice the up and down motion of the needle and the angle at 
which it should be held. 

Reproduced by permiMion of the Controller of Her Majesty’s Stationery Office 
from Memo on Vaccination asainst Smallpox. Mii^t. of Health (1948). 
London: H.M. Stationery Office. 



Fio, 21 

The multiple pressure method of vaccinatson against smallpox. 
DUfipram of a section of the skin of the arm. The motion of the 
needle and its final position penetrating only as far as ^e basal 

cell layer. 

RepttMlufied by permission of the Controller of Her Msiesty*s 
f^oim Memo on Vacciiuitk»a against SinelbHnt.^Mimft. of Health (1948). 
Lrfmdon. H.M* Ststionsry Office* 
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In a person lacking inununity a p^ule forms at the site of inocula- . 
tion in three to four days and this becomes vesicular in five to six days; 
in eight to ten da 3 r 8 the vesicle becomes pustular with a zone of sur> 
roim^ng inflammation; finally the pustule heals with the formation 
of a crust which is desquamated about the twenty-first day, leaving a 
depressed scar. In persons who have been recently vaccinated and 
possess a satisfactory immunity, there may be no reaction, or a papule 
may appear more rapidly than in the non-immune subject and resolve 
without the development of a vesicle. (Such reaction, however, cannot 
be accepted in all cases as indicating an effective inununity.) In those 
who have been previously vaccinated but have lost their original degree 
of inununity, an accelerated “vacdnoid” reaction is noted: a papule 
appears quickly, becoming vesicular and pustular more quickly than in 
the completely non-immune person. I 

Before a vaccination can be regarded as successful it is essentid that 
the stage of vesiculation should have been reached. Primary vaticina- 
tion in children should be carried out in the second year of life^ It 
should not be done on a child with eczema or other skin lesions, 'there 
is a rather greater risk of generalised vaccinia and of neurological 
complications following vaccination in infancy (0-1 years) than in 
children 1-4 years old. Revaccination in non-epidemic countries 
should be done at regular intervals of five to seven years, for example 
on entering school and again on leaving, as well as in circumstances 
when there is a risk of exposure to smallpox. A certificate on a special 
internationally accepted form showing vaccination in the previous three 
years is required for entry into many countries. Between the ages of 
5 and 18 years primary vaccination carries a risk of post-vaccinal 
encephalitis (©nfe infra)-, the incidence varies from 1 in 8000 to 1 in 
70,000 vaccinations with a case mortality of up to 50 per cent. For 
this reason the primary vaccination of young adolescents should only be 
carried out when there is a grave risk of variola or if they are entering the 
medical or nursing professions. 

Vaccination provides a powerful defence against the risk of con- 
tracting smallpox and is an efiective protection against the risk of dying 
if the disease is contracted. Immunity can be demonstrated eight to 
nine days after vaccination and antibo^es reach their peak within two 
to three weeks. Protection lasts for a variable period according to the 
individual; in general five to seven years pass before a primary type 
revaccination is successful. Experience has shown that case mortality in 
smallpox is four times greater in imvaccinited than in vacdnated 
persons. 

Complications of Vaccination. — Septic infection at the site of 
vaccination may be caused by the introduction of pathogenic bacteria 
either at the time of vaccination or later when the vaccinial lesion has 
developed. Generalised vaccinia is a rare complication characterised by 
the appearance of discrete 'v^ccinial lesions in crops over the surface 
of the body; the condition has an incidence of 1 in 100,000 vacdna- 
tions and a case mortality of 30-40 per cent. Vaccinia gangrenosa i* 
another very rare complication. It is duuracterised by areas of deep 
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ulceration and necrosis adxidi extend gradually to involve large areas 
of skin and subcutaneous tissue. Like genendised vaccinia this condi- 
tion may be associated ivith hypoganunaglobulinaemia. Treatment 
may involve the use of antivaccinial gammaglobulin in large doses; the 
drug N-methylisatin j3-thiosemicarbazone has been tried but with little 
success. 

Persons with chronic skin diseases and especially young children 
with eczema are prone to develop widespread vaccinial lesions — 
Eczema vaccinaUm — the result of implantation of the vaccine virus on 
the open skin lesion. Eczema vaccinatum is very similar to Eczema 
herpeticum (Kaposi’s disease or varicelliform eruption) in wMch herpes 
simplex is a causal virus. 

Postvaccinial Encephalitis . — ^Within a fortnight of vaccination an 
acute disseminated encephalomyelitis may supervene in a very small 
percentage of cases, mosdy older children who have not been vaccinated 
as infants. A disease identical in its clinical and histological characters 
has been recorded following certain infective diseases, such as smallpox 
and measles, and occasionally in non-exanthematous cases. 

Clinically there is paralysis, at first flaccid and later spastic, while 
meningeal symptoms are frequently noted in children. Histologically 
the outstanding characteristic is the demyelination of the areas round 
the blood vessels. 

It was originally thought that the encephalitis might be due to the 
vaccinia virus affecting the central nervous tissue, but it is now con- 
sidered that post-vacdnial encephalitis may be a diSierent disease, due 
possibly to a separate virus or toxic agent, activated by the vaccinial 
lesion. It has also been suggested that the condition is due to allergy, 
with resultant vascular thromboses which produce the characteristic 
areas of demyelination round the blood vessels. 

Chemotherapy . — ^Vaccinial lesions of the skin e.g. accidental implan- 
tations, have been treated successfully by the topical application of 
interferon or 5-iodo-2' deoxyuridine. 


MOLLUSCUM CONTAGIOSUM 

The lesions of this disease are small copper-coloured warty papules 
on the trunk, buttocks, arms and face. It is spread by direct contact 
or by contaminated fomites. In the epithelial cells very large inclusion 
bodies, mainly acidophilic in their staining reaction, can be observed. 
The inclusions may reach 20-30 /n in diameter and crowd the host cell 
nucleus to one side, eventually filling the whole cell. When material 
from the lesions is crushed, some of the inclusions are burst open and 
from them large numbers of elementary bodies escape. These virus 
particles have &e size, internal structure and morphology of the vacdnia 
virus. Ihe infection has been transmitted with filtrates to human 
subjects. The virus produces a cytopathic efiect in tissue cultures of 
Human cells but does not multiply readily. 
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COW-POX VIRUS 

In cow-pox the option appears on the teats as small papules which 
later give rise to vesides and |>U8tules. The cows themselves are not seriously 
affected and no generalised symptoms occur. Friction during the mil^g 
process generally causes the lesions to break and raw tender areas are formed. 
Crusting follows and the "dried scabs fall off in about ten days> leaving an 
unscarred surface. This disease was first described by Jenner, who resfised 
that the infection could be transferred to the hands of milkers with vesicle 
formation. In man the lesions may occur in the interdigital clefts, or the 
back of the hands and also on the fore-arms and face. The lesions resemble 
those that follow primary vaccination, although they may be more indurated 
and the vesicle fluid is often blood-stained. 

Properties of the Cow-pox Virus {Poocvirus bovis ). — In size, morphology 
and resistance to heat and chemical agents the cow-pox virus is identic 
the vaccinia virus. It can be distinguished from vaccinia virus by th^ 
acteristic red haemorrhagic pocks to which it gives rise in cultures 
chorio-allantoic membrane of the chick embryo. The intracytopli 
inclusions of the cow-pox virus are much larger than the Guamieri bod 
vaccinia and have a denser matrix; they have also a tendency to distort the 
shape of the host cell. Serological studies indicate that there is a quantitative 
difference in the minor antigenic components of the two viruses. 

Other Animal Pox Diseases 

Sheep-pox can be an extremely serious disease when it occurs in epizootics 
and has a case mortality varying from 5 to 50 per cent. The virus is quite 
unrelated antigenically to any other members of the pox group. Goats also 
may be infected. 

Swine-pox is clinically similar to cow-pox and sheep-pox. The disease may 
be severe in form with a case mortality of about 20 per cent, or, as in Britain, 
mild with ill-defined pock-like lesions, mainly in young pigs. The milder 
form, however, may be due to h^ection with the cow-pox virus. The 
swine-pox virus from the severe disease is not related to other pox viruses. 

Infectious Ectromelia of Mice . — This virus disease occurs in a chronic or 
acute form. In the chronic disease one foot becomes oedematous with serous 
exudation on the surface and crusting; later necrosis and sloughing results 
and spread may take place to another foot or the tail. In the acute disease 
necrotic lesions occur in the liver and other viscera. In the epithelial cells 
of the skin and intestine large acidophilic cytoplasmic inclusions are found, 
and elementary bodies about 260-300 mp, in diameter have also been demon- 
strated in lesions by ordinary microscopic examination of suitably stained 
preparations. The virus can be cultivated in the chorio-allantoic membrane 
and produces pocks similar to those of vaccinia. A serological relatioxiship 
exists between the virus and the variola-vaccinS viruses. Epizootics of 
ectromelia in mouse colonies can usually be prevented or controlled by 
vaccinating the tails of the susceptible animals with vaccinia lymph. 

The ectromelia virus has been studied extensively by Fenner (1948), who 
used it as a model to elucidate the pathogenesis and epidemiology of pox 
diseases. 

Avian Pox Viruses 

These viruses affect many different species of birds, including the 
domestic fowl, canary, pigeon, turkey, sparrow and magpie. The viruses are 
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adapted to their own hosts and when transferred to birds of different species 
cause only minor signs of disease. The canary>pox and fowl-pox viruses 
have been more thoroughly investigated than the remainder. 

The Properties of Uie Fowl-pox Virus, — In morphology, size, cultural 
characters and in resistance to physical and chemic^ agents the fowl-pox 
virus is closely similar to the vaccinia virus. In the infected bird the virus 
gives rise to large spherical inclusions (Bollinger bodies) in &e epithelial 
cells of the cornified layer of Ae skin. These inclusions are highly charac^- 
istic of fowl-pox; they are eosinophilic and larger than the nuclei, which are 
often displaced by them and pushed to the side of the cells. Witl^ tibe 
BoUingcr bodies there are many elementary bodies of the virus. 

The fowl-pox virus can be cultivated on the chorio-allantoicr membrane 
of the developing chick embryo. Fowls can be immunised against fowi-pox 
by inoculation with the pigeon-pox virus, which has a low pathogenicity 
for the fowl. 

Contagious Pustular Dermatitis of Sheep (Qrf) 

¥■ 

The manifestations of this disease are pustules on the lips and round the 
mouth and on the mucosa of the mouth, the cornea, the feet and legs and other 
parts of the sheep’s body. The infection is transmissible experimentally in 
lambs by inoculation of the skin with filtrates from the pustules. Human 
infections with the virus are sometimes seen as granulomata on the hands of 
those who handle diseased animals, their skins, or their carcases. The 
causative virus has the same size and morphology as the vaccinia virus, but 
little is yet known of its other characters. It has not been cultivated in the 
chick embryo but has been grown successfully in tissue cultures of human 
amnion. The only susceptible natural host at present available is the lamb. 
The disease has been controlled under field conditions by means of a living 
vaccine consisting of finely ground fully virulent scabs suspended in a 1 per 
cent, concentration in glycerol saline. 

Myxomatosis 

Myxomatosis is a highly infectious and almost invariably fatal disease of 
rabbits; it is characterised by mucopurulent discharges from the eyes, nose 
and genital openings and by the presence of tumour-like masses of tissue 
involving the head, neck and many other parts of the body. The disease was 
originally endemic in Brazil and affected only the native wild rabbit (Sylvilagus 
hrasiliensis) in which it was manifested as a single localised tumour of the s^. 
It is spread amongst the animals by the bites of mosquitoes and fleas, but there 
is no evidence that the virus ever multiplies in the body of the vector. Myxo- 
matosis has now spread over the whole of the North and South American 
continents and has been introduced into Europe and Australia. The Euro- 
pean rabbit {Lepus europeus) is highly susceptible to the infection, and 
sweeping epizootics during the last ten years have decimated the rabbit 
populations of Australia and Great Britiun. 

Properties of the Virus, — ^Morphologically the virus is identical with the 
vaccinia virus and electron-microscopical examination shows that it measures 
290 X 230 X 75 m/x. It is related antigenically to the rabbit fibroma virus of 
Shope. 

Host Range and Cultivation, — ^The only susceptible animal is the rabbit 
^nd all other animals including the hare, monkey and man are re^stant 
The virus can be cultivated in the developing chide embryo and produces 
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pocks OQ the chorio-allantoic membrane. The virus will also grow in the, 
brains of newborn mice and a variety of mammalian cells in tissue cultured ' 
Myxomatous is mechanically transferred from the skin of the infected 
animal to the susceptible rabbit by the mosquito, whose mouth parts are 
contaminat ed with the virus. In Great Britain ^e main vector is not a 
mosquito but the rabbit ilea. The viraemia which follows infection is not of 
direct importance in providing a source of the virus for the arthropod vectors, 
but, of course, is the means whereby the disease is spread throughout the 
rabbit’s body. Tumourous masses with a rubbery consistency are found in 
the lymph nodes of the head and neck and throughout the body and the 
spleen is enlarged. Sections of myxomatous tissue show large stellate cells 
embedded in a homogeneous mucinous material. Haemorrhages and in- 
Bammatory changes are present and in the epithelial cells are large acidophilic 
inclusions which resemble the Bollinger bodies of fowl-pox. 

The complex subjects of the mechanisms of transmission of myxoi^tosis 
in Australia and Europe and of the emergence of genetically resistant rabbits 
have been reviewed by Fenner (1959). \ 

In vrild rabbits myxomatosis is virtually an uncontrollable d^ase. 
Domestic rabbit and laboratory stocb can be protected by insect-proofing 
of their breeding quarters. Vaccination of the animals with the related tabbit 
fibroma virus (Shope) offers a high but not absolute degree of protection. 




CHAPTER 32 

HERPESVIRUSES 


This group contains five related viruses; they are Herpesvirus homims, 
the cause of herpes simplex in man, Herpesvirus simiae, or virus B of 
monkeys, Herpesvirus suh the cause of pseudorabies in cattle and pigs 
(Aujeszky’s disease). Herpesvirus cuniculi or Virus III of rabbits, and 
Herpesvirus varicellae, the cause of chicken-pox. The first three in this 
list are related antigenically to each other. 

All the members of the group have a similar fine structure when 
viewed with negative staining in the electron microscope. The core 
of the viruses is DNA, and is contained within a capsid composed of 
162 capsomeres arranged to form an icosohedron. The capsomores are 
hollow prisms 12x 9'5 m/x in diameter with a central hole abou^4 m/t 
across; twelve of the prisms, placed at the corners, are pentagdhal in 
outline and the remaining 150 are hexagonal and located on the edges 
or faces of the icosohedron (see Fig. 22). The mature virions sefen in 
the cytoplasm of the host cells are enclosed by a double membrane. 
The diameter is 100-180 mfi. 



Fig 22 

A diagram of the capsid of a herpesvirus to show the icosohedral symmetry and the 
hollow capsomeres. (After Home, 1963). Repnnted with permission. Copyright© 
1963 by Saenttfic American, Inc. all nghts reserved. 

All the >druse8 grow in tissue cultures and most also in the chick 
embryo. It is characteristic of this group that they multiply within the 
nucleus of the host cell producing changes which are sometimes visible 
as eosinophilic intranuclear inclusions (Cowdry Type A). 


Herpesvirus hominis 

The most common form of infection with this virus is that of Herpti 
smplex, a vesicular eruption at the mucocutaneous borders around A® 
lips and nose. The lesions somewhat resemble those of Herpes xosttr > 
both clinically and histologically, and in the past there has been som* 
confusion between the terms Herpes simplex and Herpes zoster. 


HERPES SIMPLEX VIRUS 


383 

clarity it is perhaps better to use the prefix Herpes only for Herpes 
simplex and to omit it in “Zoster” infections because the two conditions 
are caused by two completely distinct viruses. 

Properties of the Virus . — ^The herpes simplex virus has a diameter of 
100-180 m/i. The morphology and fine structure are described above. 

Cultivation and Host Range. — K wide range of laboratory aniiriftla 
are susceptible; they include rabbits, guinea-pigs, rats, mice and 
hamsters. The reactions produced depend upon the route of inocula- 
tion. When introduced into the scarified cornea of the rabbit, kerato- 
conjunctivitis results between twelve hours and seven days after in- 
oculation. The conjunctiva and nictitating membrane become intensely 
inflamed and a mucopurulent discharge develops. After intracerebral 
inoculation there is encephalitis with fever, convulsions and muscle 
weakness. Death is the usual termination. A similar encephalitis 
follows the intracorneal inoculation of certain neurotropic strains. 
Suckling mice 1-3 days old are particularly susceptible to intraperitoneal 
and intracerebral inoculation with the virus. Many strains produce an 
inflammatory reaction when injected into the skin of the pads of the 
guinea-pig or intracutaneously in the rabbit. 

The fertile hen’s egg is susceptible to infection, and inoculation of 
the virus on to the chorio-allantoic membrane of 11-13-day-old chick 
embryos gives rise to characteristic pocks. These lesions appear 24-48 
hr. after inoculation as small white heaped-up plaques 1-2 mm. in 
diameter. Inoculation of the virus into the yolk-sac or amnion may 
kill the embryo after an incubation period of 48 to 72 hours. 

Human anmion, rabbit kidney, and HeLa and H£p2 cells in tissue 
culture are readily infected with the herpes virus and a typical cyto- 
lathic effect is seen often within 20 hr. of inoculation. Cytoplasmic 
granulation appears and the ceils become rounded and baUooned; the 
ormation of muitinucleate giant ceils is characteristic of some strains. 
The cells of choice for tissue culture studies of the herpes virus are 
trypsinised kidney cells obtained from 6-week-old rabbits. 

Reproductive cycle of the herpes virus has been studied in HeLa 
cells. The particles are slowly adsorbed to the surface of the host cells 
o\er a period of two or three hours and there follows an eclipse phase 
lasting at least nine hours. By the twelfth hour it is possible to detect, 
with die electron microscope, virus particles 30-40 m/x in diameter in 
the nucleus. These particles gradually enlai^e to a diameter of 70-100 
m/x and acquire a single covering membrane, whilst progressive 
changes in the nucleus incorporate them in an eosinophilic inclusion 
body which fills the whole nucleus. By 15 hr. the particles begin 
to leave the nucleus and as they pass through the nudear membrane 
they seem to acquire a second covering membrane. They then pass on 
through the cytoplasm and are liberated through britches in the cell 
wall as the ftiUy mature elementary bodies, 120-130 rafi in diameter and 
covered by a double membrane. The infective virus is liberated 
^bout 15 bu-. dPter infection and by 26 hr. maoy mature partides can be 
on the cell surface. The release of die virus is by a slow ledt radm 
jthan by rupture of the cell. 
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Viability . — ^In infected egg membranes the virus is somewhat un> 
stable; activity is lost after 20 hr. at 30® C. and after five hr. at 37° C. 
Exposure for 30 min. at 50-52° C. inactivates the virus. The virus has a 
half-life of li hr. at 37° C., and 3| hr. at 30-31° C. If egg-yolk, 10 per 
cent, normal rabbit serum, or 1-0 per cent, skim milk is included in the 
suspending fluid, the virus may, however, be preserved in the frozen 
state for many months. In whole animal tissues in 50 per cent, glycerol 
aalinfi at 4° C. the virus remains virulent for years. Herpes virus is 
killed by moist heat at 52° C. in 30 min., but it may survive dry heat at 
90° C. for the same period. It is inactivated by ether, 0’5 per cent, 
formaldehyde and 1 per cent, phenol, but is more resistant than non- 
sporing bacteria to l-O per cent, gentian violet. 

Antigenic Characters . — ^Antibodies in serum can be estimated by 
complement-fixation or neutralisation methods. Antigens iag these 
tests can be made from infected tissue cultures {e.g. HeLa cells showing 
maximal cytopathic effect), infected choriollantoic membranes showing 
confluent lesions, or the brains of 5-7 day old mice inoculated 'intra- 
cerebrally by the virus. A plaque reduction counting technique can 
be employed in neutralisation tests but for this purpose a virus $train 
known to give macro-plaques is required. Complement-fixation is 
associated with a soluble antigen smaller in size and separate from the 
virus itself. Individuals subject to recurrent attacks have as a rule high 
titres of antibodies to the virus but those who are free from the infection 
often have no antibody in the serum. 

Strains of herpes simplex do not form one single antigenically 
homologus group and it is possible to distinguish, on the basis of 
neutralisation curves, two subtypes (Plummer, 1964). The herpes 
simplex virus is neutralised by Virus B {Herpesvirus sintiae) antiserum 
but the reverse of this does not hold. Sabin (1934) showed that there 
are serological cross-reactions between the herpes simplex, virus B, 
and pseudorabies viruses. 

Pathogenesis. — Infections with the herpes virus are extremely 
common and very variable in their clinical manifestations. There are 
two forms of herpetic disease; (1) primary infections of susceptible 
persons who have no circulating antibodies and (2) recurrent loodised 
disease in patients whb are partially immune. Primary infections are 
common early in life and probably take place soon after the child has 
lost its maternal antibodies ; in many of the cases the disease is subclinical 
but in the remainder aphthous stomatitis or various other clinical 
manifestations occur. Serological surveys have shown that many more 
adults have circulating antibodies than can be Accounted for by a history 
of clinical infection. 

Recurrent Herpetic Infections. — ^The commonest is Herpes 
simplex {Herpes Idbiatis or Herpes febriUs). Reddish papules appew at 
mucocutaneous junctions and quickly vesiculate. They are esped^ly 
common around the lips and nostrils. When fully developed thin- 
walled vesicles are closely grouped on an erythematous base; later the 
lesions be<»me pustular, crust over and some finally heal without a 
After healing the infection commonly remains latent for long period* 
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and the lesions recur often at precisely tee same site, and at frequent 
intervals. They seena to be provoked by such non>specific Canute aa 
cold, exposure to sunlight, menstruation, a variety of common bacteriia 
and vinu infections {e.g. lobar pneumonia) and artificial fever. 

Herpetic whitlow is a le»on localised on tee fingers and is found not 
infrequently in nurses and doctors. The virus is probably inoculated 
through small skin abrasions during handling instruments or endo- 
tracheal catheters teat have been contaminated with orophazyged 
secretions. An individual with a herpetic whitlow may readily spread 
the virus to patients or other persons. 

Herpetic kerato-conjunciivitis may take many forms, varying from 
superficial punctate keratitis to marginal keratitis, multiple comeal 
erosions, dendritic ulcer or diskiform keratitis. The lesions are fre- 
quently characterised by recurrences and relapses and tee resulting 
corneal opacities are a serious hazard to sight American authors have 
stated that these lesions are a conunon cause of blindness. These mani- 
festations may be preceded by primary herpetic infection of tec eye 
which begins with an acute follicnilar conjimctivitis and swelling of the 
eyelids with vesicle formation. 

Primary Herpetic Infections occur in persons lacking any im- 
munity and take the form of acute local inflammatory reactions which 
appear after an incubation period of four to seven days. They include: 

(a) Aphthous stomatitis, or acnite herpetic gingivo-stomatitis, which 
IS the commonest type of prinuuy infection wite the herpes virus. The 
condition is usually seen in children 1-3 years old and is characterised 
by fever with red swollen gums and a vesicular eruption on the oral 
mucous membranes. Submaxillary and cervical lymphadenopatey is 
very common. 

(b) Genital herpes . — Typical herpetic lesions may occur as a primary 
infection on tee genitalia. In infants tee virus may give rise to a severe 
rash in the napkin area or to a vulvo-vaginitis. Primary infection also 
occurs later in life and inflamed vesicular areas are seen on the genitalia 
of young adults of bote sexes. The infection in some instances is spread 
dunng sexual intercourse. 

(c) Eczema herpeticum {Kaposfs varicelUform eruption) u a primary 
manifestation of infection wite the herpes virus in a patient already 
suffering from eczema. The condition is characterise by vesides 
widespread over tee eczematous skin and is very severe, e^>edially in 
children under the i^e of 1 year. 

Meningo-encepfu^iiis may occur either as^ a ben4;n form of aseptic 
meningitis or as a severe type of encephalitis with destructive lesions 
involving the ganglionic nerve cells mauily in tee cerebral cortex. 'Hie 
latter is more common wh^ primary infection occurs in young adults, 
fhe virus is present in the cerebrospinal fluid. 

Disseminate herpes. — A fatal goieralised form of tee disease hm 
^en described occurring prindp^y in premature infimtiu There is 
^h fever, jaundice, and moqtealitis. Necrotk le^ne are found zA 
autopsy in tee livo*, s^een, brain, kidney, and suprarerud i^aada. 

Epkteiiikdogy.---The herpes sin^lex virus like tee 
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very widely distributed in man. In generd, more than 60 p«: cent, of 
pffy>Tis over the age of six years have been infected by the herpes virng. 
Overcrowding increases Ae incidence markedly and the percentage of 
persons with herpetic antibodies is markedly higher in urban ctei- 
munities than in the country (MacCallum, 1959). 

Infection is transmitted in many cases by direct touch with hands 
as when the mother or nurses handle a new bom baby, or in kissing or 
sexual intercourse. Most herpetic infections are, howwer, acquired in 
infancy. Fomites such as towels, soap, cutlery, china, or (kinking 
vessels may also spread the infection. The source of the virus is a case 
or a carrier who is excreting the virus in the secretions from hig 
oropharynx, eyes or genitalia. 

Specific antibodies are present during the first few months qf life in 
the serum of children bom to herpetic mothers and young babieil seldom 
develop herpetic infection. Primary infection occurs most cofrunonly 
in infants between the ages of one and five years. In an ui^own 
proportion, possibly high, these primary infections are subclinical m 
nature. In apparently healthy children in one series, studied by 
Buddingh et al (1953), there was a salivary carrier rate of 20 percent 
among children aged seven months to two years but by the age of 20 only 
2‘5 per cent, still carried the vims. The commonest acute manifestation 
is aphthous stomatitis and children excrete the virus in the saliva and 
faeces for several weeks after clinical infection. Primary infection in 
adults, e.g. genital herpes, is less common. 

Laboratory Diai^osis 

The vims may be isolated from the vesicle fluid from lesions on the 
skin or mucous membranes and may also be found in the throat, saliva 
and faeces. Material should bB inoculated into suitable hosts of which 
the chorio-allantoic membrane of 12-day-old chick embryo and 2-day' 
old suckling mice are recommended {vide supra). Primary cultures of 
the kidney cells of young rabbits and also human amnion are very 
sensitive to the vims. Of continuous lines, HEp2 and particularly the 
rabbit kidney GRK cells are useful. On primary isolation the viruses 
produce a general rounding of the cells in the monolayer which is seen 
two to six days after inoculation; giant cells and syncytia are not formed 
in early passages. One or occasionally two blind passages may be 
required before the vims can be detected. The lesions developed in 
these hosts should be examined histolt^cally Jor intranuclear indusions 
and the vims identified by neutralisation tests with specific antiserum. 

Antibodies in the patient’s serum may be measured in complement- 
fixation reactions and in neutralisation tests. The presence of antibody m 
the serum of an adult, however, is of doubtful significance because 60-90 
per cent of people have antibodies continually present in their s^m 

CSiemothert^. — There is evidence ibat 5-iodo-2' deoxyuridine 
instilled into the eye at 1-2 hourly intervals, has a therapeutic effect m 
cases of herpetic kerato-conjunctivitis (Kaufman et al., 1962). The 
vims, howevmr, has been shown to develop resistance to the drug. 
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Hecpeivinis dmiae (Vinu B) 

Ylru$ B has acUeved in monkeys the same state of successful 
naraaitsm that obtains in man with Ae herpes vims. Two per cent, 
of rhesus monkeys carry the virus in a latent form. Virus B is thus a 
natural parasite of monk<^. 

The morphology and physico-^emical characters of the vims are 
dosely similar to those of Herpesvirus homims. Virus B grows readily 
in tissue cultures of human, monkey and rabbit tissues and also on Hie 
chorio-allantoic membrane of the chick embryo. The virus has a close 
antigenic relationship to the he^es simplex virus and a remote one to 
the pseudorabies virus. An antiserum to virus B neutralises the herpes 
simplex virus as well as it does virus B but an antiherpes simplex serum 
[jas but little power to neutralise virus B. 

Pathogenesis. — Human infections with this virus are almost in- 
variably fatal but are fortunately infrequent. The virus is introduced 
through the bite of an infected monkey; vesicles develop at the site of 
the bite after an interval of about three days and on about the seventh 
day the virus reaches the central nervous system by way of the peri- 
pheral nerves. An ascending paralysis follows with involvement of the 
respiratory centres and death. 

In monkeys infection is characterised by vesicular lesions on the 
lips and tongue and an aphthous stomatitis. Subdinical infection is 
:ommon and spread is by direct contact. Many apparently healthy 
monkeys excrete the virus in the saliva but not as far as is known in 
Faeces or urine. Overcrowding greatly facilitates the spread of infection 
ind in one colony 75 per cent, of the monkeys were found to be infected. 
One per cent, of pools of infected monkey kidney tissue cultures used 
For the preparation of poliomyelitis vaccines have been found to be 
contaminated with virus B and steps are now required to eliminate 
this risk. 

Infection with this virus presents a hazard to laboratory workers 
who handle monkeys or who use their tissues in cultural work. Bites 
and wounds require prompt disinfection and it has been suggested that 
an inactivated vaccine should be developed to protect laboratory 
workers. 


Hetpesvtrus auia (PseudoraUea Vims) 

Pseudorabies or Aujeszky’s disease affects the central nervous i^ston, 
auses paralysis, and occurs in dogs, cattle, horses, pigs, sheep, rats and 
artain other animals. It is rapidly fatal in idl these species exc^ the aduh 
In pigs the disease closely resembles Teschen or Tallian disrase (see 
■^1). An important point of differentiation from rabies is that the animab 
wer from intense itdung of the hindquarters, a symptom that has led to 
condition being known as the “mad itch". It also dijBEers in tiiat the 
■“®al8 ate not i^tesstve. The virus is not strictly neurotrofne, for it may 
° . demonstrated in the oedematous subcutaoeotis tissue in the local ^n 
and in the lunss. It is not found in the saliva. Hiatcdc^^cally the virus 
‘uses severe and vnde^read neural damage and draiaeterwtie jntnmudleac* 
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inclusions have been described in the most severely ajEEected neurons. Anti, 
genically it is distinct from liie virus of rabies 'with it has no rdationsliM 
whatever. Hie pseudorabies virus contains DNA and is sunilar in sise anj 
fine structure to Herpesvirus homms. The virus survives 3CM6 days in hay 
at atmospheric temperatures. It can be cultivated in the chidi embryo ^ 
the chorio-allantoic membrane where it produces white plaques afier foiu to 
five days’ incubation. Many strains cause haemorrhagic enceffiialitis and 
kill the embryo in four to five days. When inoculated on to monolayers of 
chick fibrobluts, pig kidney, or guinea-pig, rabbit, or dog tissues a cyto- 
pathic effect is produced and plaques are produced. Rabbits are higUy 
susceptible to the infection. Guinea-pigs, rats and mice are more resistant 
Neutralisation tests indicate that there may be antigenic components of tl^ 
-mus that are shared with the herpes simplex virus and virus B. The principal 
natural reservoir of the virus is the adult pig, but the rat is also latently 
infected. There is evidence that the disease may spread from |ats to pigs 
and from pigs to cattle. The virus of Aujeszky’s disease has bopn isolated 
from cattle, pigs, cats ^<1 in Northern Ireland. It can be cmtivated m 
the chorio-allantoic membrane of the chick embryo, where it prodiices 'vdute 
pocks after four to five days* incubation and also by tissue culture methods 
Many strains cause a haemorrhagic encephalitis and death of the ethbryo. 


CmCKENPOX AND ZOSTER 

These two diseases differ greatly in their clinical manifestations but 
there can be little doubt that diey are caused by a single virus. 

Chickenpox (varicella) is a mild and extremely infectious disease 
occurring principally in young children. Papules which rapidly become 
vesicles appear on the Itot day of the illness; they occur in successive 
crops and spread from the face and scalp to the trunk and limbs but do 
not involve the hands or feet. 

In zoster a very similar vesicular eruption is confined to an area of 
skin corresponding to the distribution of a sensory nerve. These lesions 
may be very pain^l and are usually unilateral; the most frequent sites 
are the trunk and an area on one side of the face supplied by one of the 
divisions of the trigeminal nerve. Zoster is a sporadic condition in 
adults and seldom occurs in children. It is not highly infectious. 

Properties of the Virus . — ^Elementary bodies are abundant in vesicle 
fluid collected within 12 hr. of the appearance of the chickenpox 
lesion; by 24 hr., however, they have become very scanty. They can 
be demonstrated by the staining methods used for the smallpox vmis 
The mature 'virions are rounded and vsuiable in size, their average 
diameter is 200 m/*. When first detectable in ultra-ffiin sections of 
infected cells they appear as bodies 30-40 mp in diameter, covered by« 
thin membrane but by the time they have reached the cytoplaMn 
have increased in size to 150-200 mp and have acquired a serond sm 
thicker covering membrane. Mature ■virus stained negatively ^ 
pho^hotungsric add is seen to have a cubical symmetry idwtical 
that of Herpesvirus homms; the oqidd takes the form of an 
with 162 hollow capsomeres (Alniada, Howatson and Willimu, 1^'* 

Cultivation . — ^Thc 'virus in vesicle fluid from cases of , 
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and Eoster can be cultivated in a ^uriety of odb of human 

origin End in some bem monbeys. The vims will multipty in growii^ 
plants of human pre^ce or in human embryonic skm-muscle in 
plasma clots (Weller, Witton and Bdl, 1958). Trypsinised cultures of 
human amnion cells have been used successfully for the isolation of the 
virus from vmicle fluid, and monkey kidney and HeLa cells supp<Ht the 
orowth of virus strains in infected fluids from tissue culture (Taylor- 
lobinson. 1959). 

The rytopathic effect in all types of tissue cultures is chanm^eristic 
and is identical whether the inoculum is obtained from chicbenpox or 
zoster material. Fod of infection appear and enlarge slowly as con- 
tiguous cells are infected; these lesions are first seen six or seven days 
after inoculation and reach their maximum in about three wee^ 
Characteristic acidophilic inclusions develop within the nuclei of the 
cells at the centre of the lesion and later syncytial cytoplasmic masses 
formed. The supernatant fluid from tissue culture usually contains 
y little infective vims since elementary bodies are retained within the 
t cells. To propagate the vims it is necessary to detach infected 
s from the glass and to transfer them to fresh cultures. Infective vims 
be released from infected cells by ultrasonic disintegration. 
Laboratory animals and the chi^ embryo are not susceptible to 
ection with the vims and the only susceptible host (apart from tissue 
tures) is man. When vesicle fluid from a case of zoster was in- 
dated experimentally into the skin of youn^ susceptible children a 
1 lesion at the site of inoculation appeared nine to twelve days later, 
le of 17 such children developed a generalised rash on the 14th day. 
intacts of the inoculated children developed chickenpox after the usual 
mbation period. It has been repeatedly observed that natural infec- 
n of children with chickenpox may follow contact with a patient with 
ster and it is established that >^ceila contracted in this way is 
idemiologically and immunologically typical. In contrast, the reverse 
ocess, when the adult develops zoster after contact with children with 
jckenpox, is thought to occur only very rarely. 

Viability . — The vims survives for only a few days in tissue culture 
ispensions but can be preserved for many months at —70° C. It is 
ictivated in 30 min. at 37° C. 

Antigem Characters . — ^Vesicle fluid or extracts of crust from 
uckenpox or zoster behave identically in the presence of sera from 
nvalescents from either disease. There is no ^fferenoe between the 
I in agglutination tests nor in complement-fixation reactions (Taylor- 
obinson and Downie, 1959). In predpitin tests using the Out^tetiony 
chnique no difference can be detected between the antigerw of zoster 
'd varicella or in the antibodies in the sera (Taylor-Robinson and 
ondle, 1959). The virus is unrelated to the virus of herpes atmjdex. 
f^thgenesis . — It is thought that dbkkenpox is contracted ^ in- 
'Ig infected particles and that the virus enttes the body tbroi^ tiie 
^Pvatory mucosa. The rash is premimed to be caused by the localisa- 
ni the virus in tiie titin from the blood mem.; a vkaemte phase is 
‘'tulated at or just bdbre the onset of tiie illnew. The inotiMdioA 
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period is twelve to sixteen days. Histologically the vesides in diidien. 
pox and zoster are identical. The lower layer of the epidennh a 
ballooned and riiere is degeneration of the epidermal cells with the 
formation of multinudeate giant cells. In the cells at the base of the 
lesions there are eosinophilic intranudear inclusions similar to those sees 
in infected tissue culture cells. 

Zoster has, as a rule, a prodromal period of three or four days of 
fever and malaise before the appearance of the skin eruption. At this 
time there is commonly pain and tenderness over an area of skin supplied 
by nerves from one of the dorsal nerve roots. In this area papules 
appear and rapidly become vesides; during the succeeding days the 
vesicle fluid becomes doudy, and then after rupture of the vesicles the 
lesions dry up and healing slowly follows. The lesions are unilateral 
and may be very painful; in some cases especially when the {trig emina l 
nerve is involved there may be residual paralysis. In 2-3 j»r cent, of 
cases there is a generalised rash. In some cases there may be a menin- 
geal reaction with an increased number of mononuclear c^ls in the 
cerebrospinal fluid. Encephalitis is a rare complication. 

The site of infection in zoster is in the dorsal root ganglion where 
there is an acute inflammatory reaction; a monocjrtic inflammatorv 
exudate is seen with haemorrhage and necrosis of the ganglion cells 
Degenerative changes follow, passing down the nerve fibres to reach the 
skin and in some cases centrally to reach the posterior column where 
they involve the anterior horn cells and give rise to paralysis. 

The incubation period in zoster is difficult to determine; it is shorto 
than in varicella and estimates range from three to seven da}rs and up to 
seven to fourteen days. 

Laboratory Diagnosis. — In chickenpox there is seldom any need 
for laboratory help in diagnosis unless the possibility of smallpox has to be 
considered. Confluent chickenpox in a young adult may resemble 
smallpox very closely, and in such patients specimens must be collected 
and examined by the methods described for smallpox on p. 371. In 
direct smears from the skin lesions elementary bodies may be seen, but 
they appear smaller than the variola virus and are much less numerous 
The presence of multinudeate giant cells in Giemsa stained films is 
highly suggestive of chickenpox. Vesicle fluid and extracts of crusts 
from patients with zoster and varicella fail to fix complement when 
mixed with anti-vaccinial serum. 

The virus in material from either disease may be identified in 
complement-fixation reactions with antisera from convalescent cases d 
chickenpox and zoster. Antibodies in the serum can be measured w 
complement-fixation and neutraliKition tests using as antigen vesiw 
fluid or tissue culture fluids. . 

Epidemioli^. — Chickenpox is a highly contagious disease of child- 
hood. Its maximum inddence is between Ae ages of two and rixyent^ 
but it is not uncommon in Ae first year of life. About 20 per cent o i 
cases may occur in adult life. The disease has a seasonal prevalence i 
Ae winter and spring; Ae case mortality is n^lidble. , ^ 

Zoster is a sporadic disease uncommon in children. Tlie disease 
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not highly infectious and there is no prevalence at any particular season, 
•jlie mode of infection in zoster is unknown. Contacts with zoster do 
Qot usually develop zmter themselves, but are more liable to sufier 
chickenpox. 

The Relationship of Zoster to Chickenpox . — The pathogenesis of these 
nvo diseases and laboratory studies of the viruses isolated from them 
leave little doubt that they are different responses to infection with the 
same virus. It has been shown that high antibody titres are present in 
zoster in the early stages after the onset of the infection and t^ in 
chickenpox such levels are not attained imtil late in convalescence. 
This, together with the shorter incubation period of zoster, has led to 
the suggestion that zoster is the manifestation of infection in the 
partially immune subject. Thus varicella may represent dissemination 
of the virus in the blood stream of the susceptible person, whereas zoster 
represents the invasion of nerve pathways in a patient who has a small 
measure of immunity remaining from a childhood infection. Alter- 
natively, zoster may represent the reactivation of a latent virus dormant 
for many years in the patient’s tissues. There is, however, little evidenc e 
to indicate in which tissue the latent virus lies. 

Infectious Laryngo-Tracheitis 

This is a highly contagious respiratory infection of domestic fowls, 
turkeys and pheasants. The incubation period is less than 48 hours, and 
after entering the dock infection does not stop until almost every bird has 
been attacked. The symptoms are those of cough and severe dyspnoea due 
to respiratory obstruction. The principal pathological lesion is a thick 
blood-streaked inflammatory exudate over the surface of the larynx and 
trachea. Intranuclear inclusions are found in infected epithelial cells in 
the trachea. 

The virus of infectious laryngo-tracheitis is 45-85 rail in diameter. 
Filamentous forms are described. Under the electron microscope negatively 
stained particles have an appearance resembling the virus of herpes simplex 
(q.v.). It can be propagated on the chorio-allantoic membrane of the 
developing chick embryo, where it produces white pocks. The virus can 
be cultivated in minced chick tissue cultures of the Maitland type and also 
m monolayers of chick ceils. The virus survives at room tenmerature for 
penods up to 90 days but it is readily inactivated by heat at 55 -75° C. and 
by the usual antiseptics. No haemagglutinating activity has been described. 
The relationship of this virus to other respiratory viruses is not determined. 

Recovered birds may carry the virus for as long as two years and thus 
form the reservoir from which new outbreaks are derived. 

Control of the disease usually necessitates the complete eradication of 
infected flocks and the vigorous disinfection of contaminated premises. In 
some countries vaccination is practised; an unattenuated strain is used for the 
purpose and is introduced by punting on the cloaca. 
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period is twelve to Mxteen da}r8. Histologically the vesicles in duc^en- 
pcx and zoster are identical. The lower layer of the epidmnis is 
ballooned and Acre is degeneration of the epidermal cells widi the 
formation of multinudeate giant cells. In the cells at the base of the 
lesions there are eosinophilic intranudear indusions similar to those seen 
in infected tissue culture cells. 

Zoster has, as a rule, a prodromal period of three or four days of 
fever and malaise before the appearance of the skin eruption. At this 
time there is commonly pain and tenderness over an area of skin supplied 
by nerves from one of the dorsal nerve roots. In this area papules 
i^pear and rapidly become vesicles; during the succeeding days the 
vesicle fluid becomes cloudy, and then after rupture of the vesiclhs the 
lesions dry up and healing slowly follows. The lesions are uni^teral 
and may be very painful; in some cases especially when the trige 
nerve is involved there may be residual paralysis. In 2-3 per ceht. of 
cases there is a generalised rash. In some cases there may ^ a menin- 
geal reaction with an increased number of mononuclear cells in the 
cerebrospinal fluid. Encephalitis is a rare complication. 

The site of infection in zoster is in the dorsal root ganglion where 
there is an acute inflammatory reaction; a monocytic ir^ammatory 
exudate is seen with haemorrhage and necrosis of the ganglion cells. 
Degenerative changes follow, passing down the nerve fibres to reach the 
skin and in some cases centrdly to reach the posterior column where 
they involve the anterior horn cells and give rise to paralysis. 

The incubation period in zoster is difficult to determine; it is shorter 
than in varicella and estimates range from three to seven days and up to 
seven to fourteen days. 

Laboratory Diagnosis. — ^In chickenpox there is seldom any need 
for laboratory help in diagnosis unless the possibility of smallpox has to be 
considered. Confluent chickenpox in a young adult may resemble 
smallpox very closely, and in such patients specimens must be collected 
and examined by the methods described for smallpox on p. 371. In 
direct smears from the skin lesions elementary bodies may be seen, but 
they appear smaller than the variola virus and are much less numerous. 
The presence of multinudeate giant cells in Giemsa stained films is 
highly suggestive of chickenpox. Vesicle fluid and extracts of crusts 
from patients with zoster and varicella fail to fix complement when 
mixed with anti-vacdnial serum. 

The virus in material from either disease may be identified in 
complement-fixation reactions with antisera from convalescent cases of 
chu^enpox and zoster. Antibodies in the serum can be measured in 
complement-fixation and neutralisation tests using as antigen vesicle 
fluid or tissue culture fluids. 

^ddemiology . — Chickenpox is a highly contagious disease of child- 
hood. Its maximiun inddence is between &e ages of two and six years, 
but it is not uncommon in die first year of life. About per cent, of 
cases may occur in adult life. The disease has a seasonal prevalence in 
the winter and spring; the case mortality is negligible. 

Zoster is a sporadic disease imcommon in children. The disease is^ 
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not highly infectious aud there is no prevalence at any particular season* 
The mode of infection in zoster is unknown. Contacts with zoster do 
not usually develop zoster themselves, but are more liable to suffer 
from chickenpox. 

The Relationship of Zoster to Chickenpox, — ^The pathogenesis of ffiese 
two diseases and laboratory studies of the viruses isolated from them 
leave little doubt that they are different responses to infection ivith the 
same virus. It has been shown that high antibody titres are present in 
zoster in the early stages after the onset of the infection and that in 
chickenpox such levels are not attained until late in convalescence. 
This, together with the shorter incubation period of zoster, has led to 
the suggestion that zoster is the manifestation of infection in the 
partially immune subject. Thus varicella may represent dissemination 
of the virus in the blood stream of the susceptible person, whereas zoster 
represents the invasion of nerve pathways in a patient who has a small 
measure of immunity remaining from a childhood infection. Alter- 
natively, zoster may represent the reactivation of a latent virus dormant 
for many years in the patient’s tissues. There is, however, little evidenc e 
to indicate in which tissue the latent virus lies. 

Infectious Laryngo-Tracheitis 

This is a highly contagious respiratory infection of domestic fowls, 
turkeys and pheasants. The incubation period is less than 48 hours, and 
after entering the flock infection does not stop until almost every bird has 
been attacked. The symptoms are those of cough and severe dyspnoea due 
to respiratory obstruction. The principal pathological lesion is a thick 
blood-streaked inflammatory exudate over the surface of the larynx and 
trachea. Intranuclear inclusions are found in infected epithelial cells in 
the trachea. 

The virus of infectious laryngo-tracheitis is 45-85 mfi in diameter. 
Filamentous forms are described. Under the electron microscope negatively 
stained particles have an appearance resembling the virus of herpes simplex 
(q.v.). It can be propagated on the chorio-allantoic membrane of the 
developing chick embryo, where it produces white pocks. The virus can 
be cultivated in minced chick tissue cultures of the Maitland type and also 
in monolayers of chick cells. The virus survives at room temperature for 
periods up to 90 days but it is readily inactivated by heat at 55®-75® C* and 
by the usual antiseptics. No haemagglutinating activity has been described. 
The relationship of this virus to other respiratory viruses is not determined. 

Recovered birds may carry the virus for as long as two years and thus 
form the reservoir from which new outbreaks are derived. 

Control of the disease usually necessitates the complete eradication of 
infected floc^ and the vigorous ^sinfection of contaminated premises. In 
some countries vaccination is practised; an unattenuated strain is used for the 
purpose and is introduced by painting on the cloaca. 
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CHAPTER 33 


MYXOVmUSES; ADENOVIRUSES; 

OTHER RESPIRATORY VIRUSES 

The infections discussed in this chapter are common malattiwi 
make up the bulk of the respiratory diseases occurring every viinter. 
They vary in severity from a simple cold to a feverish and 
prostrating attack of irduenza, or to severe bronchi1» and broncho- 
pneumonia. Although the pharynx, larynx and the upper air passages 
are most frequently involved, the conjunctiva and salivary glands 
may also be affected. Most of these diseases are highly infectious 
and many commonly occur in epidemics. Our knowledge of their 
aetiolo^ is far from complete, but two main groups of viruses, the 
Myxoviruses and the Adenoviruses, are responsible for a considerable 
proportion of respiratory illnessM. In addition, the common cold 
viruses, the ECHO viruses, and a number of other viruses also cause 
respiratory infections. 


MYXOVIRUSES 

The myxoviruses cause respiratory diseases in man, animals and 
poultry. They derive their name from the affinity they possess for the 
mucus present in the respiratory tract and elsewhere. They vary in 
size from 60-200 mfi (more usually 80-150 xtifi) and are spherical or 
filamentous in shape. They contain a core of RNA with protdn 
capsomeres arranged along its coils, and have a lipid-containing covering 
membrane which makes the viruses sensitive to 20 per cent, ether. 
Many members of the group, though not all of them, possess an enzyme 
which causes the agglutination of erythrocytes. 

Two kinds of myxoviruses can be distinguished (Waterson, 1962). 
The first group contains the true influenza viruses A, B and C., the 
viruses of swine, duck and horse influenza, and also the virus of fowl 
plague. The second group includes the mumps, Newcastle, para- 
influenza 1, 2, 3 and 4, simian myxovirus S V5, tmd perhaps the measles, 
canine dfrtemper, and rinderpest viruses. This second group differs 
from the first in that its members are larger and more variable in size, 
possess haemolysins as well as haemagglutiniia, and lack filamentous 
forms. The internal RNA of this group takes the form of a fiiammt 
about 18 mfi in diameter and contrasts wiffi the slender structure 9 tofi 
in diameter found in the true influenza viruses. 

Myaovirus influenzae A, B and C 

Influenza is an acute febrile infectious respiratory disease of man 
commonly encountered in epidenuc from. 

Morpiologji,^lti infected sllsntoic fluid the vtrkms are 
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Spherical and mostly 80 to 120 raft in diameter. Filamentous forms of 
about this diameter and up to several microns in length are often 
present in strains of virus A recently isolated ftom man; they can be 
demonstrated by dark-ground microscopy and in stained preparations. 
Under the electron microscc^ the virion is seen to consist of a hollow 
helically arranged nucleoprotein structure, about 800 m/4 in length and 
9*0 m/4 in diameter, twisted and wound upon itself to form a centrally 
disposed mass, the whole being covered by an outer membrane 7-10 m/4 
thick. Protruding from the surface of the virion are rod-like projections 
(the haema^lutinins) which are about 8-10 m/4 long with a centre to 
centre spacing of about 8’0 m/4. 

Host Range and Cultivation . — ^The ferret is the most susceptible 
animal; after intranasal inoculation it develops fever and a nasU dis- 
charge due to inflammation of the ciliated epithelium over the tuipinate 
bones. Ferrets recover quickly from the infection and develop high 
titres of antiviral antibodies in their serum. Mice are less suscepirible, 
but with repeated “blind passage” by intranasal inoculation under ether 
anaesthesia, strains of the virus can be adapted to give rise regularly to 
pulmonary consolidation. 

The developing chick embryo at the age of thirteen days provides in 
its trachea and lung buds, cells which are highly susceptible to small 
doses of the myxoviruses. Although free growth of the virus takes 
place, the embryos do not die from the infection and no obvious lesions 
can be detected. The eggs, after inoculation, should be incubated for 
48-72 hr. at 35° C. The presence of the virus is detected by the 
demonstration of haemagglutinating activity in the embryonic fluids. 
Once adapted to the amniotic cavity, influenza viruses A and B can be 
transferred to the allantoic cavity where a rapidly growing mutant 
emerges to outgrow the original virus inoculum. The original, or "0”, 
virus grows better in the amniotic than the allantoic cavity and its 
variation to the derivative, or “D” phase, is accompanied by altered 
haemagglutination properties (see p. 399). Influenza virus C grows only 
in the amniotic cavity. 

Influenza viruses can also be grown in tissue culture monolayers 
prepared from chick or human embryonic tissues, human amnion cells 
or monkey kidney cells at 32° C. Their C5rtopathic effect may not be 
obvious and they are detected by the demonstration of haemagglutin- 
ating activity in the tissue culture fluids or of the adsorption of 
guinea-pig erythrocytes to the surface of the monolayers (haemadsorp- 
tion) (Vogel & Shelokov, 1957). 

Haemagglutination . — ^Virus is adsorbed to receptor areas on the 
red-cell surface and i^lutination of erythrocytes results from foe 
elementary bodies acting as bridges which join adjacent cells. Bivalent 
cations {e.g. Ca) must be present in the suspending fluid for the reaction 
to take place. After prolonged contact at room temperature the virus 
is released, or eluted from the red cells. The eluted virus is unaltered 
and remains capable of agglutinatii^ fresh red cells. The treated 
red cells, however, are permanently altered and can no loni^ ^ 
^ agg^tinated by the same virus although they still may be i^lutinated 
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by some other kinds of viruses. Myxoviruses have a varying ability to 
remove or destroy receptors from red cells and some, which are iteied 
high on the so-called “receptor ^dient”, remove receptors not only 
for themselves but for all other viruses placed lower on the gradient. 
The order of viruses on the receptor ^adient starting with th<»e widi 
the weakest action on red cell receptors is : mumps, Newcastle, itifhMawa 
A (MEL stnw), influenza B (Lm), influenza A (Swine), influenza B 
(Mil). A series of events similar to the virus reaction with red cells 
occurs with the cells of the respiratory tract. The recqptor destro 5 fing 
reaction is enzymic in nature, and the cell surface receptor is a neura- 
minic add-containing mucopolysaccharide which is attacked spedficaUy 
by the virus enzyme (neuraminidase). 

The Virus Groioth Cycle . — Infection of the cell begins when the 
virus particle becomes attached to the receptor area on its surface; for a 
short time the attachment is loose, but it soon becomes irreversible and 
either the whole or part of the particle passes through the cell wall to 
enter the cytoplasm. Once within the cell, the virus loses its identity 
for a period of two or three hoiirs and cannot be detected by infectivily 
experiments or by haemagglutination or complement-fixation reactions. 
TUs stage of the reproductive cycle is known as the “eclipse phase” 
and it is thought that at this time the virus particle has broken down 
to components, each of which multiplies separately. Fluorescent anti- 
body staining and isotope studies suggest that replication of viral 
nucleoprotein takes place in or very dose to the nucleus. 

Three or four hours after infection of the cell, the newly formed 
viral nucleoprotein becomes antigenically active and can fix complement 
in the presence of antiserum. The antibodies developed i^ainst this 
antigen are group-specific; i.e. they can react not only with the original 
infecting strain but also with all members of the same type. 

The properties of this complement-fixing or soluble antigen can be 
studied when cells are broken open by rapid freezing and thawing a 
few hours after infection. The antigen is found to consist of small pro- 
tein particles 12 m/x in diameter, i.e, about one-tenth the original size of 
the virus of the elementary body. They have a molecular weight of 
approximately 600,000, and contain 5-3 per cent ribonudeic add; diey 
are non-infective and non-haemag^lutinating. On account of its smaU 
size the antigen is usually referred to as the soluble antigen, a torm whidi 
is to be preferred since other constituents developed later in the influenza 
virus partide are also able to fix complement. Antibodtos agsunst the 
soluble antigen are induced during infection, but not by the inocidation 
of inactivated virus; they are not protective and do not neutralise Uve 
virus. 

Following the formation of the soluble antigen, the haenu^lutinin 
which is synthesised separately, appears in the cdls; it is not infective 
and is considered to be a mucoprotein which contributes about 13 pa 
cent, of dbe weight of the mature partide. In the haonagglutinin 
resides the enigmatic activity of the virus vdiich gives it a apecm 
for the host ce^. The assembly of the maftue imecfave p^de can be 
in ultra-thin sections of cells under die dedxon nflcrosoope. The 
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process takes place at the periphery of the cell cytoplasm withi the active 
partidpation of the cell wall riirough which the partides are extruded 
taking on a coating of lipid material as they go. The latent period 
elapsing before the liberation of new virus is four to ei^t hours. The 
extrusion of the virus continues over a period lasting some 36 hours 
without apparent damage to the ceil. A single infected cell releases 
between ^ and 120 mature infective particles. With some virus strains, 
filaments rather than spherical elementary bodily emerge and this 
process may be a stage in the reproductive cyde modified so that normal 
segmentation does not occur. Filamentous virus has normal haem- 
agglutinating and antigenic properties, but may not be fully infective. 

Structure of the virion . — The particles are roughly spherical and 
80-100 m/x in diameter. They are covered by a surface enwlope 
7-10 m/t thick through which protrude rod-like projections 8-1(1 m^ 
long spaced regularly at intervals of 7-10 m/^ (see Fig. 23). Whei^ the 
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Fig. 23 

Diagram to indicate present views on the structure of the influenza virus (Home, 
R. W. (1963). Modified with permission. Copyright © 1963 by Setenttfic Atnertcm, 

Inc. all rights reserved. 


virion is disrupted by ether treatment the intema}«RNA core is revealed 
as a long, slender, hollow, filament about 9-10 mfi in diameter. From its 
horing-bone appearance it seems that protein capsomeres are combined 
at intervals along the spirak of the RNA. This long strand is coiled 
and ti^tly packed wit^ the envelope of the complete virus particle 
(Home & Wildy, 1963). 

VitAiUty . — The influenza virus withstands slow drying at room 
temperature on artides such as blankets md glass; it has been denum* 
strated in dust after an interval as long as two wedb. When contuned 
in aUantoic fluid, or in infected tissues immmsed in glycerol aaflne it 
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will survive for several weeks at refrigerator tempcarature. It can be 
preserved for kmg periods at —70° C. and remains viable indefinltd.y 
after freeze dryii^. 

Exposure to beat for 30 min. at 56° C. is sufficient to inactivate 
most strains; the few which survive this treatment are killed by a 
ninety-minute exposure at the same temperature. These viniaes are 
also inactivated by 20 per cent, ether in the cold, phenol, formalin in 
a concentration ofi in 5000, salts of heavy metals, detmgmits, soaps, 
and many other chemicals. Iodine in the form of vapour or as a solution 
is particularly effective. Propylene glycol vapour is active against the 
virus present in airborne droplets. 

Toxicity . — Influenza virus elementary bodies are toxic to such 
laboratory animals as mice and rabbits. After the intravenous inocula- 
tion of highly purified virus preparations the animals may die in 18-48 
hours with gastro-intestinal haemorrhages and necrotic lesions in the 
spleen and liver. Immunised animals do not suffer these effects when 
inoculated with the virus intravenously. 

Antigemc Characters . — ^There are three immunologically unrelated 
influenza virus types, A, B and C, and in addition there is the ST^e 
influenza virus which is related antigenically to type A. Influenza virus 
A has more than 18 different antigenic components which are shared 
by the strains in var 3 ring proportions. The antigens composing ffie 
strain-specific patterns are situated in the mucoprotein at ffie surf^ 
of the virion. They are distinguished by haema^lutination inlubition 
tests or by a complement-fixation technique developed by Lief and 
Henle (1956), in which they are freed from the soluble antigen by ^er 
disintegration of the virus. The soluble complement-fixing antigen, 
which contains the RNA, is common to all strains and is used as the 
antigen in routine serological tests for the influenza A group as a 
whole. 

Antigenic Variation and Immunity. — ^Antigenic variation is 
highly characteristic of influenza virus A and the process is one sA a con- 
tinuing evolution of new subtypes which replace the older strains from 
which they are derived, possibly as a result of the selective action of host 
antibodies. Many different anti^nic patterns emerge by mutation and 
selecfion, some antigens advancii^; to a dominant position and othms 
receding into the badkground. Strains isolated at die b^jinning rf am 
epidemic usually have an antigenic struct)^ differi^ appredabfy from 
that of previous strains. These changes in the antigenic nmsaic occur 
constantly in the course of endemic and epidemic it&ction in man and 
can also be induced deliberatdy in the laboratory. Mi^jor mutation 
witih the emergence of completely new dominam antigens u very in- 
frequent and has probably only occurred at interval of 30 to 40 
years. When it happens, the new stnun is highly infectioua and vwwki- 
wide epidemics (ptmdaa^) are thought to have been due to the spread 

of what is in effect a new virus in a highly suscept3jlepopiiIalj(ia|^ The 

disastrous pamkinic of 1918-19 tn whhm ten nffihoa peoi^ 
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the pandemic of Asian influenza in 1957-58 were caused by new mutants 
of t^ A virus. 

Major epidemics of influenza involving whole countries or large 
parts of a continent are more frequent events and occur at intervals of 
four or five years. Since 1932, when the first human strain of the 
influenza virus was isolated, characteristic strains from each epidemic 
have been collected and compared, using strain-specific absorbed sera 
in haemagglutination inhibition tests. According to Burnet (1960) 
these virus strains have shown an immunological drift with the succes- 
sive emergence of seven new antigenic patterns. Thus the original 
strain of Ae 1932 epidemic (labelled the WS strain) was replaced in 
1934 by an antigenically different strain which was isolated in Puerto 
Rico (PR8) strain. During the following years the PR8 strain was 
replaced by a succession of new types. In 1946 in Australia another 
new strain known as CAM emerged and proved to be the precursor of 
yet another change in the antigenic make-up of current influenza vituses. 
This CAM strain proved to have such slight relationships to prelfious 
standard strains that it was classified as a subgroup of influenza A and 
designated as A prime (Al) virus. The A1 virus and variants of it 
replaced the A strains and remained dominant throughout the world 
until the Asian virus appeared in 1957. This latter possessed a new 
major antigen and differed so much from the Al strains that it is desig- 
nated A2. Since 1962 the A2 viruses have shown a progressively 
increasing shift in antigenic structure (Pereira et al. 1964). 

The antigenic drift of the influenza virus is reflected in the im- 
munity of the general population. As the individual grows older he 
experiences an increasing number of epidemics of influenza. With each 
infection by a new type of virus he acquires in his serum a new specific 
antibody. Thus in the early years of life the antibody spectrum is 
narrow, but gradually broadens as age increases. The serum of a person 
of mature years will often neutralise any of the known standard viruses 
of previous years, although, of course, that individual will be susceptible 
to infection with the new virus which appears in the next epidemic. It 
is these factors which make it difiicult to produce an efficient prophy- 
lactic vaccine against influenza. 

Antigenic variation in type B virus occurs in the same manner as in 
t 3 rpe A, but the changes are less pronounced and occur more gradually. 
Type B does not cause the large epidemics that characterise type A; 
typically it is associated with endemic disease and small epidemics in 
institutions. It has, however, been realised as the cause of consider- 
able localised epidemics involving a whole large dty. Type C virus 
appears to exist as a single stable antigenic type. 

P-Q-R Variation.— Iti&aenzA viruses may vary in the avidity wilh 
wdiich thty combine with antibody and are neutralised by it. Their 
behaviour in haemagglutination inhibition tests with convalescent ferret 
antisera has led to &eir classification into P, Q and R phases. P phase 
vims has a high avidity for antibody and is inhibited to a big^ titie by 
its homologous antiserum only. Q phase virus is poorly neutralised, 
evm by its own homologous serum, and R phase virus is inhibited te 
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high titre not only by homologous antiserum but by antisera to hetero> 
logus but related strains. Freshly isolated strains are commonly in Ihe 
P phase, but the Q phase is not infrequently encountered. The identi- 
fication of a strain in the Q phase is difficult using the haemagg^utination 
inhibition method but is more easily achieved by a neutralisation test 
in monkey kidney tissue cultures using the haemadsorption tedmique 
(Pereira, 1958). 

Type A strains also show considerable differences in their sensitivity 
to non-specific inhibitors such as serum mucopolysaccharides. Highly 
sensitive strains have a greater avidity for antibody (P phase) and are 
therefore preferred as antigens in haemagglutination inhibition tests. 

0-*D Variation . — ^Yet another t 3 rpe of variation on the part of the 
influenza virus occurs in the laboratory soon after its primary isolation. 
Some two to five days after the inocuktion into the amniotic cavity of 
throat washings from a case of influenza the amniotic fluid develops the 
power to agglutinate red blood cells. With rare exceptions the virus 
at this stage can agglutinate guinea-pig or human Group O cells but 
not fowl erythrocytes. If, however, the fluid is passed by the allantoic 
route to another set of embryos the infected fluid of this second passage 
will agglutinate fowl cells to almost or quite the same titre as guinea-pig 
cells. This change in agglutinative power is the result of mutation 
which occurs at a rate of about 1 in 10,000 as the virus grows in the 
allantoic membrane and is referred to as 0->D variation. 

Laboratory Diagnosis. — ^Virus isolation can be carried out by in- 
oculating throat washings or material from throat swabs into the 
amniotic cavity of the developing chick embryo or tissue cultures (p. 394 
and see also Chapter 57). 

Serological tests can be performed with the complement-fixation 
test and the haemagglutination inhibition test (Chapter 54). 

Epidemiology. — The influenza virus is disseminated by the patient 
in infected secretions from the nose and mouth, and perhaps, in droplets 
expelled in sneezing. Infection probably occurs by inhalation of 
infected airborne particles; these may be dust particles derived from the 
discharged secretions or, possibly, droplet nuclei. 

Patients are probably infectious for a short time before the onset and 
for a few da 3 rs thereafter. Healthy carriers occur and may disseminate 
the infection, but it is not known how important a part they play. 

Tlte periodicity of outbreaks of influenza is characteristic, and in 
general there would appear to be a pandemic at roughly forty-year 
intervals with major epidemics of type A infection at about five-year 
intervals; endemic fod of infection with type B may occur yearly and 
at three- to six-year intervals moderate epidemics of type B infections 
recognised. The epidemiological picture is complicated by ffie 
existence of upper respiratory infections due to other viruses sudi as 
the para-influenza viruses and the adenoviruses whkh also occur in 
epidemic form. Epidemics of virus influmza occur with an abrupt rise 

the incidence of cases and a very rapid spread ov^ an intgulariy 
defined regbn. Tht course and extent of an ^identic is contndled 
partly by the nature and anttgoiic novelty of the prevailing virus tmd 
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partly by the pre>existing immune state of the community. The cold 
weather in early spring and increased overcrowding are factors which 
facilitate the spread of the virus. In major epidemics it has ^n 
possible to trace the virus from point to point along travel routes and 
to record the advance of the epidemic from place to place and country 
to coimtry. 

The age distribution of influenza shows the highest incidence in 
the age-group 5-15 years, a sharp decline in the 15-20 age-group, a rise 
between the ages of 20 and 30, and thereafter a downward trend to a 
low level in older people. 

Attack rates in epidemic influenza are high and incidence rates of 
2(M<) per cent, have often been noted. The disease is rarely fatal, but 
there is a marked feverish reaction with inflammation of the bronchial 
mucosa. Some cases, however, are complicated by bacterial pneumonia, 
and in these the outcome may be rapidly fatal. The invasion omirus- 
damaged tissue by Staphylococcus aureus is followed by the formaaon of 
multiple abscesses and severe tissue destruction with necrosis <£ the 
trachea, bronchi and bronchioles. Fulminating staphylococcal pneu- 
monia is the cause of many influenzal deaths, especially in the elderly. 
Secondary invasion with pneumococci, H, influenzae or haemolytic 
streptococci is also associated with influenzal pneumonia. It was this 
complication which was responsible for the very high mortality in the 
1918-19 pandemic. 

Immunity to influenza is generally believed to be short-lived and in 
experiments with type B virus human volunteers could be reinfected 
with the same strain four months after recovery from this first infection. 
However, epidemiological evidence suggests that immunity to the 
natural infection may last for three to four years (Pickles, Burnet and 
McArthur, 1947). 

Influenza virus type C does not cause epidemics but gives rise to 
widespread subclinical infections. 

Prophylaxis. — ^As influenza has an incubation period of only one or 
two days, control measures such as isolation and quarantine are scarcely 
applicable. Intensive efforts have been made to develop \^ccine8 to 
protect key personnel such as medical and nursing staffs and public 
service employees. Egg-cultivated vaccines containing formol- 
inactivated strains with or without adjuvants (alum, oil emulsions) have 
been imder extensive trial and have yielded results which appear to be 
disappointing. However, there are considerable difficulties in the 
interpretation of the results of trials of influenza vaccines because the 
position is blurred by infections with other respiratory viruses. On 
some occasions, as in the case of the Asian strain, it has been possible 
to prepare a vaccine containing the current strain and to administer 
one or two doses of it before the epidemic readhed the community, lo 
such circumstances, the attack rate was reduced to about one-tl^d of 
that in control groups (M.R.C. Report 1958). Polyvalent vac^es 
prepared from a mixture of strains of ^es A and B known to contain all 
the major antigenic groupings have been used with good effect. At 
present a vacdne contaimng A2/Singiq>ore/l/57, A2/En|^andl/61> 
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B/EngU(nd/939/59 and 'mfTnjAjtS, is used. Provided d»t a vaoi;^ 
contains die right strains and is given at the r^t time it should proMot 
50 to 70 per cent, of the recipients. 'Ihe possibility of enhmdng &e 
antigenic effect of these vacdnes by the use of mineral oil adjuvants is 
under investigation and recently published results are encouraging. 

Swine It^lumza Vims . — ^This virus is associated with audiden 
epizootics of acute respiratory disease in pigs. By itself ihe vkuE causes 
only mild sysmptoms in die animals, but when combined widi infection 
with Haemophilus sttis it causes a severe disease. Durii^ sum-epizoodc 
periods the virus is maintained in earthworms and luagworms. The 
sequence of events is that lungworms living in the bronchi of pigs ingest 
the virus, which then is carried throughout the life cycle of the parasite. 
Larvae from the lungs are coughed up, and swallowed and iinaUy reach 
the ground in the faeces excreted by the animal. Here they are ingested 
by earthworms, in which they persist for loi^ periods. When such 
earthworms are eaten by pigs, no ill effects result but if the animals are 
also given an intramuscular injection of H. sms, or stressed by exposure 
to cold, they develop typical swine influenza. 

The swine influenza virus has the general properties of myxoviruses 
and is related antigenically to t 3 rpe A virus. Since swine influenza was 
first noticed as a disease in 1918, when the pandemic of human influenza 
was rife, it has been suggested that both diseases were caused by the 
same agent. Support for this theory is given by the fact that many 
people of the generation who experienced the 1918-19 pandemic still 
possess neutralising antibodies for the swine influenza virus, while those 
born after 1923 have no antibodies for the strain. 

Para-influenza Viruaea 

These viruses are associated with febrile respiratory disease early in 
life. They appear to be ubiquitous causing endemic infections ffurouj^- 
out the year. The corxunonest clinical syndrome b fever widi mild 
respiratory sjrmptoms and pharnygitis but the viruses ate also an 
important cause of croup (acute lar 3 mgo-tracheo-btondiitis) and of 
acute tracheitis and bronchiolitis. Repeated infections with tUs group 
of viruses is probably common and antibody surveys indicate the 
presence <ff antibodies to para-influenza viruses in a Iwi^ percentage 
of children by the time they reach school age. 

Para-influetusa viruses have many of the graeral characters of myxo- 
viruses; for instance, they poss^ the same neuraminidase suk the 
mfluenza virus^ A and B and are thus able to cause tire i^hytinati^ of 
’’'tammalian and avian erythrocytes, and th^ are also t^her sensitive. 
They grow wdl in prinoary cultures of monkey kidney and hnnM 
ombryonic, amnion and HeLa cells, but poorly or not at w in the tihkk 
^bryo. Because they produce only minimal cyti^padhic e^cts ihnr 
presence is det^ted by the abiU^rff infected oelb to adsoiherylhmcytea 

their sur&oe i^ummadsmrpticm). Vlfhcn flint isoialed ^ vhtises 
known as **haOEinadsorbii^ (HA)” vinmes. 

The virusef difli^ frmn the miiMim virittes m tiKtif i tsiadvihid 

2 p 
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larger size (90>1^ m/x) and in their ability to lyse as well as agglutinate 
red blood-cells. Th^ ^bare antigens with the muin|>s and Newcastie 
viruses (Cook et al., 1959) and form with them a subgroup of the 
myxoviruses — the “multiform viruses”. 

Myxovirus para-u^bunzm 1. — ^This group includes the haem- 
adsorption virus type 2, or HA2 virus (Chanock et al., 1958) and the 
Sendai virus whi(^ is also known as the Japanese haem^glutinating 
virus or influenza D. The HA2 virus has been isolated frequently from 
cases of croup in young children, minor respiratory illness, bronchitis, 
and bronchopneumonia. The ^ndai virus was originally isolated in 
mice from cases of pneumonitis in new-born children but its endemicity 
in stocks of laboratory mice makes it difficult to assess the sig^^cance 
of this finding. The Sendai virus is closely related antigenicafiy to the 
HA2 virus but differs from it in that it multiplies readily in tiie allantoic 
membranes of the chick embryo. The Sendai virus itself h» never 
been isolated in Great Britain. ^ 

Myxovirus para-influenzae 2, or the croup associated (CA) vitas has 
been isolated from minor respiratory illnesses and bronchopneumonia 
and from cases of croup. It may not, however, be as commonly asso- 
ciated with croup as the para-influenza 1 virus. This virus has no cyto- 
pathic effect on tissue cultures but is detected by its agglutination of 
chick (and to a lesser extent of human group O) erythrocytes. Adsorp- 
tion and agglutination occur at 4° C. and the virus elutes rapidly at 37° C. 
Antigenically this virus is related to the mumps virus but not to other 
myxoviruses. It is probably identical with an indigenous monkey myxo- 
virus known as SV5 ; as many as 30 per cent, of some batches of uninoc- 
ulated monkey kidney tissue cultures have been found to carry this virus. 

Myxovirus para-mfluenzae 3 or haemadsorption t 3 rpe I (HAl) is 
associated, like the foregoing para-influenza viruses, with respiratory 
illnesses and with croup and bronchopneumonia. It has alto been 
found in the nasal secretions of cattle in transit and suffering from a 
respiratory illness known as “shipping fever”. Unlike other para- 
influenza viruses, para-influenza 3 may produce a cytopathic effect seen 
as giant cell plaques in tissue cultures of human amnion cells growing 
under an agar overlay. 

Myxovirus para-influenzae 4 (M-25 strain) has recently been isolated 
from cases of mild respiratory illness. It has no cytopatffic effect; does 
not grow in eggs, and is recognised only by the use of the haemadsorp- 
tion method. 

Laboratory Diagnosis. — ^Primary isolation of para-influenza viruses 
in the chick embryo may be difficult or impossible and tissue culture 
methods are preferred. Cultures of monkey kidney cells are the most 
useful for this purpose but primary human amnion, human toobryotuc 
kidney, HeLa, or cells are aU satisfactwy. The cytopatiiic effe^ 
produced is often minimal and may be absent; tiie viruses are detects 
by haemadsorption or haemag^utinatitm. S^k^lically tiie dit^p^ 
is confirmed by the observation of rising litres oS. antibodito in |>aired 
sera using neutralisation, complement-fixation, or haeanadsarptit^.^’’ 
haetmg^utination inhibition testo. Beeaxise of the antilgtoic tiutring 
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between these vin^ and the mumps virus the nsuhs ^ these torts 
joay be difficult to interpret. Paitdlel tests ^ould always be carried n*^ 
vtrith the mumps S and V antigens for comparison. 

Mumps Virus 

Mumps is an acute contt^ous disease whose most constsht a nd 
characteristic feature is a large painful swellii^ of one or boffi paitrtid 
glands. The disease is one of great antiquity and was one of the ^t 
infections to be recognised, for it was accurately described by Hippo- 
crates in the fifth century B.c. The name is derived from the mumblmi; 
speech which is the result of the pain on moving the jaws. Usually 
there is a constitutional reaction and not infrequently other glands as 
well as the parotids are involved. 

Properties of the Mumps Virus {Myxovirus parotituUs ). — ^The size 
of the elementary bodies varies from 80 to 240 m/i in diameter (Ghosh 
Ray and Swain, 1954). Filaments have not been described. 

Cultivatim . — ^The virus grows rather slowly in the amniotic and 
allantoic cavity of the chick embryo. Six to eight day embryos are used 
and should be incubated for five days at 35° C. After two or three 
anmiotic passages, most strains can be transferred to the allantoic cavity 
where they adapt themselves and grow very readily. A few strains, 
However, remain incapable of being transferred in this way. When 
inoculated directly into the opening of the parotid duct in monkeys the 
i^irus causes t 3 rpical clinical mumps; the parotid glands contain mudi 
virus and emulsions of them can be used as complement-fixing or 
shn testing antigens. 

The mumps virus agglutinates fowl, human and other red blood 
cells, fixes complement in the presence of specific antibody, and elicits 
a delayed allege reaction in ffie skin of persons who have previously 
been infected. Like the Newcastle virus it causes the lysis of erythro* 
cytes. Infective particles can be concentrated by centrifugation at 
20,000 r.p.m. for 20 min. but the particles of the complement-fixing 
antigen require 30,000 r.p.m. for 60 min. 

VuMlity . — Infectivity is rapidly lost at room ttai^ieratare. The 
\iru8 is well preserved in skimmed milk at -50° C. or -70 °C. or liy 
freeze drying. The haemagglutinin, haemolysin and infective psap/a^ 
bes are destroyed by heat at 56° C. for 20 min. The onnplaaient-fixing 
and allergic si^ antigens withstand 65° C. for an hour. Exposaut to 
per cent, formadin at 4° C. for 24 hr. and intense ultra-violet light 
irra^ation for 0*28 sec. destroy the infectivity of the virus witiiaut 
unpairing tiie haemagglutinin or complttnent-fixing ant^pu. Slier 
treatment at 4° C. completely destroys infectivity. llie v^us tft mthh 
stable between pH 5*8 and pH 8*0. 

^AnUgme CmwacfoT.— The mun^ virus is a aii^ aitfdpnic entity 
urstinct fix»n other myxoviruses; it is not su|^ to viiiintiodaii4 fficte 
no roathed difierencea between the iltr&s. Hbm *re vm pmr 
Ppnents of the virus vtimdi are capable of ffitipg Im v or 

Viral an^en and the S or aolttbie antigen. VanppltiiiaBsnin^ 
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widi liie vinu dementary body and the S aaiigen, vdacb is anaki|[(ni6 
to the solutde antigen of tiie influenza vinia, is a smalla: particle ex- 
tracted from cdls in the eatiy stages of infection. 

PatliogeniesiB. — ^The incubation period of mumps is one of the 
longest, 18-21 days. The common manifestations are fever witii 
unilateral or bilateral parotitis. The virus is excreted in the saliva for 
about three days after the onset and transmission is by the inhalation 
of infected partictes or by fomities contaminated with saliva. Patients 
are thought to be infectious for about three days before the onset suid 
to remain so for about six days thereafter. In young children con- 
valescence is uneventful and recovery is complete in about ten days. 
In about 30 per cent, of cases infected with the virus the dbease is 
inapparent. After the virus has been inhaled it multiplies loyally in 
the oropharynx during the incubation period and after an mterval 
reaches tiie bloodstream to be dissemminated to distant organs. Al- 
though the virus may reach the parotid and submaxillary glands by 
direct spread from the mouth, infection of the testes, central nervous 
system, pancreas, thyroid gland, pancreas, and breasts, is dmost 
certainly blood-borne. 

In males over the age of 13 years mumps may be complicated by 
orchitis which appears some four to seven da 3 r 8 after the onset of 
parotitis. Up to per cent, of male cases are affected. In almost 
every case of mumps there seems to be some involvement of the central 
nervous system with an increase in the lymphoc 3 rtes in the cerdbro- 
spinal fluid. Occasionally the omdition proceeds to a frank meningo- 
encephalitis which presents four to seven da 3 rs after the onset of paro- 
titis; in these cases the mumps virus can be isolated from the cerebro- 
spii^ fluid. Rather uncommonly mumps menii^goencephalitis may 
occur without any sign of involvement of the salivary glands and is 
indistinguishable clinically from aseptic meningitis caused by other 
viruses such as those of ^ ECHO and Coxsadkie groups. In many 
cases submaxillary gland involvement is encountered, but pancreatitis, 
oophoritis, and thyroiditis are rare complications. Mastitis may occur 
in up to 15 per cent, of females infected. 

^kleiukdogy. — ^Mumps is world-wide in its distribution, and the 
only reservoir of infection is man. The disease is predominantly one 
of diildren aged five to fifteen years, but adults who have escaped 
infection in diildhood are often attacked. The disease is probably 
tranMnitted by the same mechanisms as tirose in respiratory tract 
infections. Epidemics of mumps are not uncommon in young soldiers 
in army camps. Although mumps is one of the common diseases of 
childhood, it is not apparently as highly infectious as measles. Amongst 
adults the history of a clinicd mumps infection is obtained in about 60 
per caxt. of peo^e, vdiereas 90 per cent, have had measles. 

Lahovatoiy Diagiiosia 

Virus isolation is carried out by inoculating saliva or oesrithrD^i^ 
fluid into fertile eggs. Saliva can ^mveniently be coUeeted 
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dentaiootton-woolrolb ova- the openings of the parotid ducts and leavii^ 
them in the mouth for about twenty minutes. The rolls are then 
removed and placed in 8a%w*capped vials containing Hanks* bi^ced 
salt sdution with added antibiotics. The containers tiiouM be ttans- 
ported to the laborattoiy frozen at -> 70° C. in insulated bmcea containiitt 
solid carbon dioxide. On arrival at the laboratory, the saliva is eatsaWm 
from the rolls, added to the transport fluid and ra^ed in 1^ cetittifQ|^ 
at 2000 r.p.m. for ten minutes. The supernatant is inoculatt^ into the 
amniotic cavity of eight ll>day-old chi(^ embryos; the e^gs are then 
incubated for five days at 35° C. The virus may be detected in the 
amniotic fluid by the haemagglutination of fowl red blood cells and its 
final identification is established serologically with specific antiserum in 
complement-fixation or haemagglutination inhibition tests. The 
primary isolation of the virus is sometimes a matter of difficulty 
because saliva may have toxic properties for the chick embryo, and 
because only a small proportion of inoculated eggs show signs of 
infection. 

SeroU^ical Tests . — ^Antibody rises can be detected in paired acute 
and convalescent sera. The complement-fixation test using both 
soluble and viral antigens is recommended. Antibodies to the S 
antigen develop early and are present in significant amounts within 
two or three days of ffie onset of the infection and they m^ reach their 
peak titre before the appearance of antibody to the V antigen. Anti- 
bodies to the V antigen appear on the eighth or ninth day of the disease, 
reach their maximum by the end of a month and thereafter decline very 
slowly (Ghosh Ray and Swain, 1953). Subsequently the anti-S anti- 
bodies disappear relatively rapidly and are seldom detectable nine 
months later. Antibodies to the V antigen persist for several years at 
very low, barely detectable levels. The haema^lutination-inffibiting 
antibody is similar in its duration to the anti-V antibody. The skin 
test for mumps is of little practical value in di^;nosis because the 
hypersensitive state is not developed until three to four weeks after the 
onset. 

Prophylaxis. — Gamma globulin prepared from imsmps convalescaU 
mm may be of value in conferring passive immunity to exposed persons 
and if given immediatdy after the onset of parotitis reduces ffie inci- 
dence of orchitis. Gamma globulin from normal adults contains oidy 
traces of specific antibody and has little protective value. 

Vaccittes prepared from egg-grown straiiM inactivated by formalin 
or ultra-violet light have been used with some success in reducing the 
incidence of mumps in army camps and in adults exposed to infection, 
^though antibody formatitm is stmulsted by the tuMcine, booster doses 
are ne^ed after six to nine montiis to maintain the antffiody level. 
^ living attenuated egg-adaptol stndn of munqis hot also been -qsed 
and is sjnayed into the moutii; antibotfy producffiih teaches the same 
proportions as with the inactivated iteodne, Ho m/t ti 

mumps has beat imported ss s result of the use the live vae^dne^ 
tide metiiiod is at present <m trial for pieventina <ti 
(Uon. ^ - ‘ <; f 



m 


MEDICAL MICROBIOLOGY 


Newautde Disease Virus 

Newcastle disease (a form of fowl pest) is an extremely infectfons episootic 
coaditioii of domestic poultry. Fowls, turkeys, pheasants, guinea-fowl as 
well as many other avian species are affected. Cormorants may suffer in- 
apparent infections and act as a source of infection for poultry in coastal 
regions. The disease has a world-wide distribution and constitutes a major 
economic hazard. In Europe the infection is characterised by hyperpyrexia, 
severe diarrhoea, and a thick mucopurulent nasal discharge. The incubation 
period is three to ten days. The mortality rate is 90-95 per cent. In America 
the disease is milder, having a mortality of 5-50 per cent., in which signs of 
tremor, incoordination and wing and leg paralysis predominate. 

The disease can be transmitted experimentally to susceptible poultry by 
the inoculation of discharges from infected animals and also with Mood and 
tissues, e.g, spleen and bone-marrow. \ 

The Newcastle virus which causes this disease has been named Myocovims 
midtiforme. The elementary body is roughly spherical with a diameter 
varying from 80 to 200 m/x (average 115 m/x). Filamentous forms occur, but 
are found only infrequently. The strains grow readily in the fertile hen’s 
egg and kill the embryo with haemorrhagic lesions in 48 hours. In HeLa 
cell monolayer tissue cultures they produce a characteristic cytopathic effect 
with syncytium formation. The virus agglutinates red blood cells from fowls 
and a variety of mammalian species and elutes from them rather rapidly 
and often incompletely at room temperature; in high concentrations it has 
marked powers of haemolysis. The virus is immunologically distinct from 
other myxoviruses, although there are minor relationships between it and 
the mumps, Sendai and para-influenza viruses in complement-fixation 
tests. Ail strains are closely similar to each other in antigenic structure and 
there is little or no tendency to variation. Laboratory diagnosis may be 
accomplished by isolation of the virus in fertile hen’s eggs and also by 
demonstration of specific antibodies in the blood by means of a haemag- 
glutination inhibition test. 

Occasionally the Newcastle disease virus causes inflammation of the 
conjunctiva in man due to an accidental infection in the laboratory or during 
the handling of infected birds. There is a severe conjunctivitis which may be 
accompanied by a painful swelling of the pre-auricular gland and, more 
rarely, by a severe generalised influenzal type of illness. 

A vaccine containing a living attenuated egg-adapted strain of ^e New- 
castle virus has been developed for poultry flocks and is given by intr^asal 
instillation. In England, however, a propriolactone-inactivated vaccine is 
now in general use. 


Fowl Hague Vinu 

This is a highly conU|ious infection of chickens, turkeys, pheasants and 
some wild bircb. The dmease is rapidly fatal; and nearly 99 per cent 
^ected birds die within 24-36 hours of the onset. The incubation peri^ 
is three to five days. A mucopurulent nasal discharge and oedema of the 
head and nedc are the usual signs and at aut^y sn^ petecl^ haemot* 
rhages are present in the serous membranes. There is histological evidence 
of a diffuse encephalitis. ^ . 

Properties of the Fowl Plague Virus {Myxovirus pestis^gaUt ^ — ^The 
the elementary bodies varies from ®0-120 nm and filamentous fornm 
may be up to 6 ft in length, are common. Tne vims grows fead% fo ^ 
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tissues of dw devdoi^ hen’s snd kills the embryo in about 36 hours. 
Intranuclear lesions, probably inclusbns, have been described in the tiauiea. 
The virus is readily airbed to fowl red blood cells and causes ^eir a gs^t in- 
ation. The virus shares the group complement>&dng andgen of the innuenza 
A virus. Minor serological differences between strains have been found in 
haemaggludnadon-inhibition tests. The blood of infected birds contains tte 
virus in high concentrations and can be used to transfer foe infecfoHi ex- 
perimentally. 


Respiratory Syncytial Virus 

The respiratory syncytial virus was originally isolated from a cold- 
like illness in a colony of captive chimpanzees and was known for a 
time as the chimapnzees coryza associated (CCA) vims. It was how- 
ever soon realised that it was also associated with human infection 
especially in young children. 

Properties of the Virus . — The virions are 90-120 mfi in diameter 
and resemble the myxovimses morphologically. There is a central 
coiled filament enclosed by an outer membrane. Since 5-fluoro-uracil 
inhibits the growth of the vims it probably has RNA as its nucleic add. 
There has been no report of haemagglutination or haemadsorption 
activity by the vims. 

Cultivation . — ^The vims does not grow in the chick embryo and it 
has no effect on mice, guinea-pigs, or rabbits. It grows rather slowly in 
continuous lines of human cancer cells such as HEp2, KB, HeLa, and 
also the Chang liver cells, but not so readily in primary kidney tissue 
cultures. One satisfactory method for the estivation of the vims is to 
use monolayers of HEp2 cells grown in medium 199 with 10 per cent, 
calf semm added; when ready for inoculation the monolayers are gently 
washed with medium 199 to rinse away the calf serum; for a main- 
tenance medium during vims growth medium 199 is supplemented 
with 5 per cent, chicken serum. The sodium bicarbonate content is 
increased by adding 4 per cent, of the stodc 1*4 per cent, sodium 
bicarbonate solution; incubation is at 36° C. 

The virus grows in the cytoplasm of the host cells where it may 
produce small eosinophilic indusions. It produces an obvious t^to- 
pathic effect which bewmes apparent three to seven days afro* inoc^- 
tion with the occurrence of giant edk and syncytia. InfectiviQr litres 
are usually low and are sddom above 10~^ Plaques are framed in 
HEp2 monolayers. 

Viability . — The vims survives quidi freezing at —70° C. but at 
higher temperatures its infectivity may rapidly be lost. Spedmens such 
as throat suubs should not be refrigerated but should be treated vdth 
antibiotics and introduced into suitable tissue cultures with a mutifloal 
‘icky. The virus is desfooyed at pH 3*0. 

Antigenic Characters.— A complement fixing anti||en h prednoed 
and is contained in a particle stmdler foan ihe virimi itsdf. Co«a$^ 
ment-fintion and neutralisii^ t^ can be used for tfiagnostio psacfpam. 

^«thofeiieda.---lhe virus <»uBe8 otdds aaul nuiu^ 

infdstMHU witii coufl^ in adults but in dfildm 
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aged 6-12 months the lowar re^iratory tract is <tften involved and 
bronchitis, broncholitis and bronch<^neumonia occur (Holael H al., 
1963). Young children aged one to two years may suiSw from croup, 
'‘virus pneumonia” or from mild cold-like illnesses. 

Epidemiology. — Infection with the respiratory syncytial virus 
appears to be common in the population of this country and Hambling 
(1964) has found that 66 per cent, of all persons over the age of five years 
possess both complement fixing and neutralising antibodies in the 
senim and that over the age of 15 years 93 per cent, have neutralising 
antibodies. The lowest incidence of antibodies was in the age group 
six months to one year. Young children under die age of seven months 
seem to show a relatively poor serological response after infection; 
some 20 per cent, develop a rising titre of complement fixing antibodies 
and 45 per cent, neutralising antibodies. It is a characteristicW this 
virus that it causes localised fod of infection which may be limiteqto one 
particular area or community. Infection occurs for brief periodslin the 
winter months with long intervals between the outbreaks. 

THE MEASLES, CANINE DISTEMPER, RINDERPEST TRIAD 

These three viruses are grouped together because of similarities in 
a number of their properties. Morphologically they have the helical 
symmetry and general appearances of the para-influenza viruses and 
are likely to be classified as members of Waterson’s second group of 
myxoviruses. (see p. 393) In their pathogenicity they are characterised 
by a sharp generalised illness with a viraemic phase and the complica- 
tions of bronchopneumonia and encephalitis. There is a considerable 
vdume of evidence that the three viruses share some common antigemc 
material in varying proportions. 

MEASLES 

Measles is probably the most infectious of all the common fevers. 
The clinical diagnosis of the disease is tisually not a difiScult matter 
because a characteristic macular rash develops ^er a prodromal period 
of fever with catarrhal symptoms, conjunctivitis and the appearance of 
Koplik’s spots on the buccal mucosa. The incubation period is 10-14 
daj^ and the rash often appears 14 days after exposure. 

Properties of the Virus . — ^The diameter «f the virus in filtration 
experiments is 140 m^. The central core is composed of helicM 16 
m^i in diameter with subunits arranged with a 4'5 m/ti periodia^. 
liie virion is covered by an outer membrane on which thore are radially 
disposed projections. The nucleic add of this virus is probably RNA 
berause growth is inhibited by 5-fluoro«uradL In these respects the 
measles virus resemblra the para-influenza and respiratory synqrtial 
viruses. 

Ouflmidon.— The virus can be isolated from the blood ax flitoat 
washing^ of a patient during the first 24 hours after the onset 
For this purpcm {nimary cultures ai hunum amnioa or dmcana oell%<’' 
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continucnis line of amnion ccdls ptovide the moM suitable wisoeptible 
gsue culture odk. Monkey kidney cells are less satufeotoryt * 

Once estaUkhed in tissue cultures, the mea^ virus will grow in a 
nde range of primate tissue cultures. Human kidney dhtmoed at 
peration or at autopsy and human embryonic lung or kidney all provide 
ighly susceptible c^b. The virus idso grows in oonEdnuoua Hw** of 
eUs derived from human normal tissues such m heart, kidi^, 
nd bone marrow, as well as in lines carcinoma cells su<^ as HeLa, 
CB, and HEp2. Monolayer cultures of dog, and bovine kidney are 
Iso susceptible. In monolayers of monkey Iddn^ cells ami of some 
trains of HeLa cells small plaques are produced. 

The cytopathic eflFect of the measles virus is characteristic, with the 
ormation of large multinucleate giant ceUs and syncytial masses in 
(rhich many vacuoles give a lacework appearance. After continued 
tassage of the virus in human amnion cells the nature of die cytopathic 
iffect alters, and in addition to gimt cells, increasing numbers of re< 
Tactile stellate cells appear. Variation of the constituents of the culture 
nedium may modify the cytopathic lesions. With glutamine deficiency, 
or example, more giant cells are formed, but when the glutamine is 
estored die number of giant cells is diminished and the appearance 
he cytopathic effect is delayed, while the virus yield is increased. The 
nost constant feature of cells infected with measles virus is the late 
tppearance of Cowdry type A eosinophilic intranuclear inclusions (see 
). 71). Multiple intra-c^oplasmic inclusions also occur. Grown in 
nonolayers of patas monkey kidney cells the virus produces countable 
[oicro-plaques. 

Measles can be reproduced in rhesus monkeys by the parenteral 
inoculation of blood or catarrhal secretions from patients or infiected 
tissue culture fluids. The disease is usually mild and about one-third 
of the inoculated animals develop fever, conjtmctivitis and a maoilar 
rash. Many monkeys imported for experimental use harbour a virus, 
the Monkey-Intra-Nudear Inclusion Agent (MINIA), which is in- 
distinguishable from the measles virus. This infection is usually in- 
apparent and is acquired soon after the animals are oqstured. *111686 
circumstances make the majori^ of moiUi:^ unrelhdble as experimental 
animals for measles and the presence of MINIA in cultures of their 
hdney cdls may give rise to considerable difficulties. No mammals 
other titan monk^ have been infected succesrfuJly vrith tiie meadm 
virus. Some strains of the virus have been adapt^ to tiie am^otie 
cavity or diorioUantoic membrane of the chick enffiryo after tiiMir 
primary isolation in tissue culture. 

ViaUtity. — ^The virus survives ova- two wedcs at 4** C« nr 22** C, 
and for many months in the firmsen atMe in tile tempcxatnre rai^ 
to-79°C FreemdiTing preserves tile vtriMwelhthfiMig^is^safmn 
loss of infieotivify. Fornxddehydein atxmeentiiflEiQnofO^llSpcrim^ 
at 37° C. for four dajn brings about compbito iott af Jafiectivlfy iriliKMA: 
iteration of the coinpleineat*fixii^ aetmty. tW vhm it dthiat 
sensitive. Below pH 4*5 tits viiMS k inacrifRitod btti k 

range pH l-S-w for 3 houra at O'* C* > i 
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Haema^iOimtim . — Concantrated pr^Mirations of the measles virus 
agglutinate rhesus monkey red blood oe^ at 37° C. The haemag- 
glutinin does not dute spontaneously and is not related to the naira- 
minadase of tl^ myxoviruses. Haanagglutination>inhibition may be 
used as a method for the estimation of serum antibodies. 

AnHgenic Characters . — ^Measles virus strains are uniform antigenic* 
ally. A complement-fixing antigen is present in infected tissue culture 
fluids; it can be separated from elementary bodies by centrifugation 
and has a particle size of 7-13 m/i. 

The measles virus is related antigenically to the virus of canine 
distemper. It is neutralised specifically by the serum of ferrets re- 
covered from distemper, but not by normal ferret serum. Cc^versely, 
ferrets immunised by the measles virus are partially protected when 
challenged with distemper virus. \ 

Pathogenesis. — Young children in the prodromal phase, when the 
catarrhal symptoms are prominent, are the main source of the measles 
virus. They discharge infected particles which are inhaled by the new 
victim and the virus reaches the respiratory tract, where it grows silently 
for some dap in lymphoid tissue. When multiplication has continued 
to the point when many infected cells break open, the virus floods into 
the circulation and causes the prodromal illness. During the following 
two or three dap the virus is localised in the skin and there produces 
the rash. This vtraemia is quenched when antibodies appear in the 
blood. 

It is of interest that multinucleate giant cells (Warthin-Finkeldy 
cells) similar to those occurring in tissue cultures can be found in the 
organs of persons who have died during an attack of measles. It is 
probable that the giant cells begin to be formed about seven dap before 
the appearance of the rash. 

Measles is most infectious in the two or three dap before the 
appearance of the rash; thereafter infectivity rapidly wanes and after 
a few dap is lost. 

Epidemiology. — ^Measles is endemic throughout most countries of 
the world. The disease has a characteristic tendency to epidemidty 
every second year so that in Great Britain and North America there are 
“measles years” which alternate with years in which only a few cases 
are encountered. 

The greatest incidence in measles is in the age group 1-5 years, and 
by the of 20 years 90 per cent, of p<^i» have had an attidk of the 
disease. After the first six months of life passively acquired maternal 
immunity disappears and susceptibility is universal. Only about 1 pet 
cent, of these susceptibles fail to contract measles on their first close 
contact with it. Al&ough measles is usually benign in youi^; thfidren 
it may cause severe c«: even fatal illnesses in infants under die age of 
one year or in elderly people. Secondary invasion with such pathogenic 
bacteria as haemoiytm streptococci, s^hylocood and Jff. 
cause the Gomplicatioiis of brotichopneumonia or otitis media. Another 
serious con^licadon of measles is encephalomyelitis devdlt^ung two to 
six dap after the rash; the features df this condition may resenoble 
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of a$eptic nMHiing^tis but there is an aveifage case fatality of 15 |>er cent* 
Encephalitis occurs in about 1 in 1000 cases of measles, is commoiWl^ th 
girls than bo 3 rs, and is more frequent in the 5—9 years age-group tfewt jn 
younger children. Miller (1964) gives an analysis of the ^quency of 
the complications in measles. 

't^en measles is introduced into an area where previqudiy jt was 
not endemic, a sweeping epidemic of great severity follows amongst'a 
virgin population of highly susceptible persons. In these ohKatmstaiioes 
there is a high incidence of complications and the case mortality is 
increased. Epidemics of this type have occurred in isoiattMi co mmunities, 
especially on islands ; one particularly severe outbreak occurred in Green- 
land in 1951. When the infection was first introduced into the Fiji 
Islands in 1875, it carried off 20-25 per cent, of the entire population. 

Laboratory Diagnosis 

The simplest method is to stain smears of the nasal secretions by 
Giemsa’s method and to search for the t 3 rpical giant cells. The virus can 
be isolated from throat swabs or washings taken during the 48 hr. 
before and after the onset of the rash. It 1^ also been recovered ftom 
the blood, and urine in the prodomal period. After antibiotic treatment 
the materials are inoculated into grown monolayers of monkey kidney or 
human kidney cells. The cytopathic effect and giant cell formation may 
begin to appear after 48-72 hr. but not infrequently is not detected 
for as long as 10-16 days. Subsequently the virus may be propagated in 
primary human amnion or HEp2 cells with greater yields. 

Serum antibodies appear a few days after the onset of the rash, 
reach a peak about 10 days later and decline slowly thereafter, but a 
detectable level remains indefinitely. Antibodies are most convmiieatly 
estimated by the complement-fixation method but neutralisation and 
haemagglutination-inhibition techniques can also be employed. 

Prophylaxis. — ^Measles is so infectious and susceptibility to it so 
high that there is no point in isolating cases to stop the spread of the 
itffection in the population. Hospital patients with measly, however, 
should be isolated to protect them from the risk of cross-infecticm with 
pathogenic bacteria, and to stop the spread of mfection to patienta ill 
with other diseases. 

Plissive iimmmity can be conferred on contacts by the subeutanoous 
inoculation of convdesoent or adult serum, or gamma globuHn prepared 
from them. The protective efi^ is complete if an adequate dose is 
given witlun five days of exposure; after tms tune the disease may not 
he prevented, but its severi^ is usually modified and the risk of ooin|di*’ 
cations reduced. The use of gamma globtdin pr^uured ftom fkMled 
normal adult sera is effective ; the dose is 15 mg. pk pound boi^ 

FactHier.---Twotype8havebeensubiectedtocooiinlledtii^ thp 
first contains virus grmvn in tissue culture and hsMdioddi 
even after a series of three sthoitaneous iaooaladonB cmanit%Mai0 
is nm sulSdmt to give futt inntei^en Tlw teotmd^i^’eaii* 
^living measles virwaimtiuated by A 
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single subcutaneous injection of this vaccine stiinulates the produt^on 
of specific antibodies in 97*5 per cent, of recipients and confers a fuQ 
measure of protection. This vaodne however suffets from the dis- 
advantage that a fifth to a third of the redpients devek^ a genetalised 
feverish reaction lasting about 48 hours and 11 per cent* of the children 
develop a rash. Neither vaccine has yet been approved for general 
use. « 


Canine Distemper 

Distemper is a highly infectious disease which causes more deaths and 
permanent disability in young dogs than any other infection. j 

Properties of the virus, — The diameter is 115-160 m/i. In n^atively 
stained preparations helices 15-17 m/i in diameter form the core and the 
general appearances are the same as those of the measles virus. \ 

Cultivation, — ^The virus can be isolated from the blood and disch^ges of 
infected animals during the acute phase and can also be recovered frW the 
urine and faeces. It is present in the lungs of fatal cases in large amounts 
and also in the spleen, liver, brain and other tissues. For primary isolation 
the materials are inoculated on to monolayers of dog or ferret kidney celk in 
which a cytopathic effect with giant cells and syncytium formation occurs. 
Intra-cytoplaWic but not intra-nuclear inclusions are formed. 

The disease can be transmitted with filtrates of infected materials to 
dogs, and ferrets which are highly susceptible. The virus has been adapted 
to grow in suckling mice and suckling hamsters. 

Some strains of the dbtemper virus have been adapted to growth in the 
chick embryo either in the yolk-sac or on the chorio-allantoic membrane 
where greyish white lesions are produced. 

ViMUty, — ^The virus is reasonably stable at room temperature but above 
32^ C« it r^qpidly loses its infecdvity. It survives for months at — 10^ C. and 
indefinitdy at —76° C. or after freeze drying. The virus is ether sensitive 
and is inactivated by 0*1 per cent, formaldehyde in a few hours. 

Antigenic Characters, — ^Antibodies to the distemper virus can be demon- 
strated by neutralisation tests in tissue cultures and eggs, by complement- 
fixation and by precipitation in agar gel. The serum of patients recovered 
from measles has antibodies to the distemper virus and that of dogs recovered 
from distemper has antibodies for the measles virus. Cross immunity against 
the heterologous virus however is often only partial and in some instances, 
e,g, with egg propogated viruses, may be of minor degree or lacking. 

Pathogenesis, — an incubation period of four days the common 
manifestations are fever, coryza and mucopurulent discharges ftom the eyes 
and noae. Bronchopneumonia is a frequent compUcatfon and inflammation 
of the gastiic and mtestinal mucosa is not uncommon. In their pathogenesis 
there are many resemblances between canine distemper and meades. Other 
a n i m a l s such as ferrets, silver foxes and mink together with wolves and some 
small rodents am also susceptible to distemper. 

The virus is present in the blood and discharges of infected snlmds 
during the acute phase and has also been recovered from the urino and 
faeces. Tbs disease can be transmitted with filtrates of these 
dogs and ferrets by sifocutaneous inoculatsoiL In the ferret Incubatson 
pdiod is nine to deven days. Imra-cytoptasmic eoafaiopliHfo 
duaaeieriitiiadly pment; they am found 
the riqdMoiT tract and the urinary tract, 
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They can, however, be found in many ot^r aituatfona. Intrihmidcilir 
indusiona may alao be preaent 

Active immunisation (rf dogs can be carried out mth a vaccine coiiMiiiing 
a living attenuated strain of the distemper virus cultivated in eggs» TOs 
vaccine has to^ a large extent replaced other methods of in 

which living virus v^as combined with a protective dose of hyper^^iiaatnine 
serum or with the previous use of a killed vaccine. 

Hard pad disease in its imtial stages is indistinguishable from 
There is fever, conjunctivitis and diarrhoea, followed by a pidtkfol 
keratosis of the pads of the feet and the nose. Later, nervbus symptoms 
appear, followed by convulsions, and death occurs four to sht weeks after &e 
onset. The condition is due to a virus which is closely related to ^e distemper 
virus, being infective to ferrets after an incubation period of 23 daye (cf. 
distemper). 

Rinderpest 

Rinderpest or cattle plague is an acute and highly infectious disease, 
especially of cattle, but a^ of all ruminants and swine. 

Properties of the virus , — Morphologically the virus resembles the measles 
virus but is more pleomorphic with diameters ranging ftom 120 to 300 m/i. 
There is an internal helix 17*5 mfi in diameter and a covering membrane. 

Cultivation . — ^The virus can be cultivated in tissue culture mondayers of 
the kidneys or testes of calf, sheep, pig and hamster. Multinucleate S 3 mcytial 
masses are formed containing Cowdry type B inclusions in the nuclei and in 
the cytoplasm. Some strains have been adapted to grow in the yolk sac or 
the chorio-allantoic membrane of the chick embryo. Stains have been 
adapted to grow in goats and rabbits for vaccine production. 

The virus in dried secretions outside the body docs not survive 
more than 48 hr. and is easily inactivated by heat, ultra-violet light, 
putrefactive changes and the usual disinfectants of whi^ strong alkalis are 
the best. The virus in lymph nodes and spleen survives well at — 17® C. 
to -20® C. and is present indefiiutely by freease drying. For pieservaricm 
the optimum is pH 7-0. The virus is ether sensitive. 

Antigemc Characters . — Antigenically the virus is stable and there axe no 
confirmed reports to suggest a moltiplirnty of typ^. Antibodies to rmdorpest 
can be demonstrated by neutralisatbn tests in tissue cultures or susceptible 
animals. Agar-gel diffusion methods show that the virus in infective tissue 
has two antigens, one heat labile and the other heat stable* This method is 
useful for deteedng the presence of the virus in infected tissues-^*;* lymph 
nodes. Sera from rindopest infected animals neutralise the distemper virus 
ui dogs and have some power to neutralise the measles virus in dasue culfotes. 
The distemper virus confer some immunity agamat rinderpest in esmie 
and during measles, antibodies active against the rinderpest vinia may 
develop* 

Fax%anei«i.*«-Itindmpe8t is characterised by feveti ^vere haemorrlnigte 
caurrh from the mucous membmnes of the nose and eyes, and by a pmmm 
diarrhoea followed by weakness and mchaustimiu The incubation podod is 
three to eight days and the affected animals usually die four m seven days after 
the onset Oedema, haemorrhagic ulceration of me intestiney vdth feffaxkmiar* 
tion of the Feyer^s patdna are tharactmiitic ftndingk 

itionia is found in many casda* Ca^e, dbeep, p^ and miay steefes 
otwUdgaxne suffer tin imturalin^^ Reguferpsmsgenfsl^^ 
grow in laboratory mimk such m tim or 

embryo, tmy iwdt in tile easssgsnce of a mntaiii v»ldi 
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for the mw host but mth dimimsbed virulence for ca^. Vaccine strains 
have been developed in this wa^* 

Epidemiohgy . — Rinderpest is endemic in all parts of Asia and Africa 
(South Africa is now free) and is the cause of much economic los8« The 
disease is epvtsd by direct contact between infected and susceptible animals. 
The exact route of transfer of the infection is not established^ but is diought 
to be through contaminated food and drinking water. Biting arthropods 
have not been incriminated as vectors. 

Rinderpest is enzootic in many parts of Africa and Asia, and there is 
always a risk that the i^ection may be conveyed to new areas. The move- 
ment of herds and the importation of beasts from distant endemic areas has 
often introduced the virus into a susceptible animal community with the 
result that a devastating epizootic has broken out. 

ControL — The disease has been excluded from Great Britain, most of 
Europe, and from North and South America by a rigid embar^A on the 
importation of animals or meat from endemic areas. In countriei where 
rinderpest is endemic, the principal means of control is prophylactic weeina- 
tion. 

Several vaccines containing live attentuated strains of the rinderpesl^ virus 
have been developed and their use is rapidly followed by an effective im- 
munity which lasts from one to two years. These vaccines h^ve been prepared 
from goat-adapted rabbit-adapted, and egg-adapted virus strains. A vaccine 
containing live virus propagated in tissue culture is at present on trial. 

Live vaccines have the advantage that they rapidly induce resistance by 
virtue of the interference phenomenon and they have been effective in the 
field in checking an outbreak. Care, however, is needed in selecting the type 
of vaccine to be used because some of the strains are of sufficient virulence to 
cause severe reactions and some mortality in certain breeds of cattle. Milder 
strains, on the other hand, may induce only a short-lived immunity. The 
goat-adapted (caprinised) virus should not be used on stocks of European 
cattle, which are usually highly susceptible to rinderpest. It is used success- 
fully on indigenous caMe in Africa and confers an immunity lasting four to 
six years. The rabbit-adapted (lapinised) virus is less virulent and is used 
throughout Africa and Asia; the immunity given lasts about two years. The 
egg-cultivated virus has not been extensively used. Calves bom of immune 
da^ lack rinderp^t antibodies at birth but receive them in colostrum in the 
first few hours of life. The calf retains this immunity for several months and 
cannot be actively immunised satisfactorily until the age of eight months. 

Labcfotory Diagn ^. — A rapid post-mortem diagnosis of rinderpest can 
be made by placing a small fragment of infected tissue {e.g, lymph gland) 
and specific antiserum in adjacent cells in an agar-gel diffusion plaito side by 
side*' with known positive and negative controls. Lines of precipitatton form 
within a few hours at room temperature and-idbe specific anti|;en of the 
rinderpest virus can be identified with certainty. The virus is isdated by 
the inoculation of tissue cultures or suspectible cattle with suspensions of 
infected tissue. It can be identified in complement-fixation and agar gel 
diffusion tests and in neutralisation tests in which immune rabbits or oattle 
are challenged with the freshly isolated strain. 


ADENOVIRUSES 

Adenoviruses derive their name from the fad: that thegr wde M 
isdbited from i^agmeiita of adenoid tissue removed surgically and 
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in tis«» culture. Thejr are able to live in botii totadUar and 8(toiflild 
tissue in a latent or masked form without any apparent hum to ike 
individuaL In odier situations, however, adenoviruses cause a Wide 
variety of dinical s^dromes including corysa, pharyngitis, ^ponuhc or 
endemic acute respiratory tract infections, pneumonia, acute cot^unO* 
tivitis, and epidemic kerato-^njunctivitis. The adenovirus grofi^ con* 
sists of 28 human, 11 simian, and 2 bovine serotypes as watt aa t&e 
canine hepatitis virus, a murine adenovirus, and an avian wtencniwus 
GAL (Pereira et al., 1%3). 

Properties of the viruses . — ^The elementary bodies are rougfdy 
spherical and approximately 60-85 m/t in dhuneter. When seen in 
electron microscopical preparations stained by uranyl acetate they have 
a hexagonal outline and a central electron dense mass. The external 
structure of the virus particle has been studied by a negative staining 
technique in which the virus is treated with phosphotungstic add and 
sprayed on to electron microscope grids (Home & Wildy, 1%3). By 
this method the capsids are seen to have cubical symmetry and are 
revealed as regular icosahedra each with 252 spherical surface subtmits 
7 m/i in diameter (Fig. 24). There is no pericapsidal membrane. Within 
the capsid there is a DNA core. 



Fio. 24 

Diagram to show the icotohedtal structure of «a adenovirus and the sutisoe oaptO" 
meres. (Ifome, R. W., 1963). Reprinted with permission. Cc^yyiight ® 1963 hy 
Sdm^ie Ameriem, Inc. all i^ts reserved. ^ 


Cultivation.— All the adenoviruses can be cultivated widi « cyto* 
pathic effect in tissue cultures. Human strains grow most abumlantty 
m contunuius lines of human ma%nant odis sudi as HsLa <ir 
KB, or in primary cultures of human amnion, while risditti stridos 
grow best in monkey kidney cells. Stndns of either oci^ can be 
adapted to grow in heterology cells in tiaaue cutture; m 

primary iadation the cytopatHc (Meet my be ^te dyvkale, lyntell 
passages vrith large iaocula may be required to eatabdidi a bniay aaniri 
‘hmtmkqrlridney Celia w vice versa. MteftittahiBcanaiaole^ 
to grow in rtidtit or p^ kidney cctts m be berrine tilidM. 
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The rang^ of suaoeptibte tissue culture host cells varies for difoamit 
types of adenoviruses and although types 1 to 9 are readily prt^i^ted 
in HeLa cells, types 10, 12, 13, 15 and 17 require several serial passages 
with large inocm before foey can be obtained in reasonable quantity. 
Inhibitors of foe growth of adenoviruses are sometimes present in foe 
calf, ox or horse serum commonly used as an ingredient of the tissue 
culture medium. For wofo with adenoviruses, 20-40 per cent human 
serum in Earle’s balanced salt solution is recommended as foe growth 
medium for foe host cells. Before inoculation, this medium should be 
removed and the monolayers should be washed three times with 
balanced salt solution to remove antibodies. The cells may then be 
maintained with medium 199 containii^ up to 7*5 per cent] dhidken 
serum. \ 

Adenoviruses produce both early and late cytopathic effecra. The 
early effect is visible within a few houra of inoculation and is flue to a 
soluble protein (the /3 component of antigen B) which has toxic 
action on the cells and is separable from the viruses themselvesi This 
is not a progressive change and it can be neutralised by immune 
sera. 

Late cytopathic effects are of two t 3 rpes. The first is given by 
serotypes 1, 2, 5 and 6 and is the clumping of the cells into grape-like 
clusters. Tbe changes develop over a period of several days and are 
progressive and irreversible. The infected cells are refractile, rounded 
off and granular in appearance; bridges of more normal cells link the 
infected nuclei. The infected cells can usually be stained with neutral 
red and are therefore still viable. Acidophilic inclusions are seen, and 
later nuclear enlargement with the formation of large irregular intra- 
nuclear inclusions develops. The second effect is given by Types 3, 
4 and 7 viruses which are more constantly associated with disease than 
the first group. These viruses have a shorter growth cycle and often 
within 48 hours produce a marked cytopathic effect with foe formation 
of large basophilic intranuclear inclusions 3-7 y. in diameter which are 
Feulgen positive and are rosette shaped with a honeycombed api^r- 
ance. Treatment with deoxyribonuclease destroys foe Feulgen positive 
characteristic and indicates foe DNA content of foe advenoviruses. 
Tliese inclusions are crystalline in nature and imder tiie electron 
microscope are seen to composed of virions arranged in a cubic 
body-centred lattice. 

t 4 Growfo Cycle . — ^The virus is absorbed Slowly by foe cell brfore it 
begins to multiply in foe nucleus.* Thus with type 5 there is a latent 
period of 12 hours during whifo foe virus goes into an edipse ph^* 
This u followed by a period of rapid increase which lasts sonte eight 
hours and thereafter multiplication proceeds at a slower rate for avet 
foirty hours. Liberation m foe virus frcnn foe host cell is slow ana 
incmnplete; only about 6 per cent, of the virus is released ^ntaneously* 
The rate of viral multiplicatkm varies far the different types of aden^ 
idruste; types 3, 4 and 7 have a shorter growth cycle foum types L 
2, 5 and 6. 

Ad«ioviruses are more stfoie than foe m|tehvtruses- 
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remain viable aiiter 7 days at 36° C., 14 days at room temperature 
(22‘’-23° C.), md 70 daijrs at 4° C. Tbey are totally inactivated 
two and a half to five min. at 56° C. They are not activated by ether 
and are stable within the pH range from 6 to 9*5» lhou(^ at pH 3 
and pH 10 or above partial but not always complete loss of infe 9 tivity 

results. 

Antigetttc CharaOert. — ^Ihe 28 established human serotypes tmd the 
types affecting animals are distinguished by neutraUsation tests per- 
formed with rabbit antisera. Sero-types 16 and 25 cross-react markedly 
and types 3, 7 and 14 are also related antigenically. CrcM reacting types 
can be distinguished by haemagglutination inhibitian tests {vide U^a) 
although this technique reveals a relationship betwem typm 10 and 19. 
Type 7 strains have been divided into 7 and 7a. 

All strains possess a common soluble antigen which fixes comple- 
ment. The antigenic composition of the adenoviruses can be studied 
with agar gel di£^ion and chromatography mettuxte and Pereira (I960) 
has shown that three antigens, A, 6 and C, can be separated. Antigen A 
is the group specific component a plus DNA; antigen C is the type 
specific component y plus DNA; and antigen B is a complex of a tr 3 rpsin 
sensitive component with y {^oide supra). 

Haenu^httmation. — ^Nearly all adenoviruses agglutinate the red 
blood ceils of one or other of a number of animals. Rat, mouse, and 
rhesus monkey erythrocytes are most commonly clumped. Four groups 
of adenoviruses can be distinguished by their power to agglutinate 
rhesus and rat celte; Group I contains types 3, 7, 11, 14, 16, 20, 21, 25 
and 28 and agglutinates rhesus but not rat erythrocytes; Group 2 
contains types 8, 9, 10, 13, 15, 17, 19, 22, 23, 24, 26 and 27 and ag^ut- 
inates rat cells and rhesus cells only to a low titre; Grmip 3 contains 
types 1, 2, 4, 5 and 6 and ^lutinates rat cells partially and Group 4 
wMch contains types 12 and 18 does not agglutinate either type of 
cell. 

Patht^enesis. — ^Adenoviruses do not as a rule produce dinical 
disease in laboratory animals. It should however be noted that types 
7 , 12 and 18 produce malignant tumours in new-born hamsters. In 
man, infection with adenoviruses results in catarrhal inflammation of 
the mucous membranes of the eye and the respiratwy tract, some- 
, times with enlargement of the regional lymph nodes. Adenoviruses 
I have been recovered from enlarg^ mesenteric lymph glands removed 
I at operation from cases of suspected appendidtis and frmn infants with 
i intussusception and also firom glands pressii^ on brondu in tnundii- 
I ectasis in children. 

I Types 1, 2, 5 and 6 are for the most part associated with mild* 
sporadic illnesses and are the common t^>m found latent in human 
tonsils and adenoids. Types 3, 4, 7, 14 and 21 are mnwc frequently 
found in association with small epidemics of aoits respitatoiy disease 
® closed communities. 

Acute pharyt^iiis is probably the most frequent mmilcetdaan of 
adenovirus infection. About half the cases ue febrile, and oOryvd 
^yntptoms and cough are frequent. Young df paoHsdMxd ufu 

2 o 
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are conunonty infected, often on repeated occasions. Most children 
have antibodies to types 1, 2, 3 and 5 by the time begin school 
life. 

Pharj^ocwguncHval fever . — ^The triad of fever, pharyi^tis and 
conjunctivitis bating for about one week is a characteristic of infections 
with types 3, 7a and 14. This syndrome is encountered more fre* 
quently in the summer months, when it may spread rapidly amongst 
the members of a family and be associated with outbrew in schools, 
day-nurseries or holiday camps. 

Acute Respiratory Disease (ARD) is a feverish coryza which, unlike 
virus influenza, has a gradual onset. Headache, sore throat and cough 
are conunon but not severe. This illness seldom has clear-^cut char- 
acters in civilian practice, and the diagnosis is usually only n^e when 
epidemics occur in such conununities as large military camp& 

Pneumonia . — ^The illness resembles primary atypical pnWmonia. 
In children, type 7a is a frequent cause of the con<fltion and iln adults 
it occurs as a complication of ARD due to types 4 and 7. 

Acute foWcuJm conjunctivitis occurs principally in adultsl The 
disease begins with a unilateral non-purulent inflammation of the con- 
junctiva with enlargement of the submucous lymphoid follicles and 
swelling of the pre-auricular lymph node. Fever and systemic effects 
are usually absent. After a few days the other eye shows a smular 
involvement and the condition usually clears up within a week. Types 
3 and 7a have been isolated from these cases. 

Epidemic kerato-cor^nctiviiis , — ^This condition is due to infection 
with the single adenovirus type 8. Factory workers are principally 
involved, especially those whose trade exposes them to the risk of smaU 
comeal abrasions from dust or metal particles such as are disseminated 
in arc welding and riveting. The acute phase of the infection may last 
fmr several weeks and healmg is slow. Type 8 virus can easily be spread 
by contaminated towels to other members of a patient’s family. Epi- 
demics have been recorded where the virus was spread amongst patients 
in an ophthalmic clinic by means of contaminated eye solutions and 
instruments. 

Epidemiology. — ^Adenoviruses are widespread in the continents of 
Europe and North America. In respiratory disease the viruses are 
spread by the inhalation of infected particles and possibly through 
contamination of the conjunctiva by infected fingers or droplet-spray. 
The seasonal inddence is maximal in the winter. Fharyngoconjunctival 
fever has a maximal incidence in the summer months, and types 3 and 
7a viruses have been thought to be spread in swimming-bath water. In 
addition to bdng present in the exudates of the orophaiynx and the 
eye, adenoviruses have been recovered from faeces and from the mesen- 
teric lymph iKides. Adenoviruses types from 9 to 28, excluding types 14 
and 21, have been recovered almost exclusively from the intestinal tract. 
The significance of the presence of adenoviruses in the intestine is still 
in doubt. 
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Clinical ^ndnnaea due to Adenoviniaes 


i 

Disease 

Associated 
Adenovirus Type 

Acute respiratory disease .... 
Acute febrile conjunctivitis 
Pharyngoconjunctival fever . . . 1 

Acute respiratory disease (ARD) 

Virus pneumonia: 

(a) in infants 

(b) in adults 

Acute follicular conjunctivitis 

Epidemic kerato-conjunctivitis . 

4, 7, 3, 14. 

1, 2, 3, 5. 

3, 7a, 1, 2. S, 6, 14. 

4, 7, 3. 14. 

7a, 1, 3. 

4, 7, 3. 

3, 7a, 1, 2, 5, 6, 14. 

8, 3, 7a, 9. 


The most common types are given in heavy figures. 


Laboratory Diagnosis 

Virus isolation is carried out by the inoculation of monolayer tissue 
cultures of human cells, preferably HeLa, HEp2 or primary cultures of 
human amnion, in which adenoviruses produce a characteristic cyto- 
pathic effect. They can be identified as members of the adenovirus 
group by their capacity to fix complement with a known positive human 
or rabbit antiserum. The t]rpe is determined in neutralisation test| 
with type-specific rabbit antisera. 

Serological Tests . — Infection with any one type of adenovirus 
stimulates a rising titre of complement-fixing antibodies to the group 
soluble antigen. This provides a simple and practical test for the 
detection of infections with the adenovirus group although it does not 
identify the type of the infecting strain. Complement-fixmg antibodies 
often rise from very low levels to titres of 1 in 128. The technique of 
the complement-fixation test is that described in Chapter 54. The 
antigen used is prepared from a heavy culture of HeLa cells infected vritii 
a large inoculum of an tmdiluted seed stock of any adenovirus type and 
incubated for about five days (for at least two days after the completien 
of the cytopathic effect). After thorough homogenisation in a iMcndi^ 
and clarification by centrifugation at 2500 r.pjn. for twenty minutes 
the antigen is titrated against a positive serum and is then ready for use. 

Rises of type-specific antibodies to the adenoviruses can be measured 
m neutralisation tests against serotypes in HeLa cell tissue cultures. 

Prophylaxis. — A trivalent killed vaccine containing types 3, 4 and 7 
grown in monkey kidn^ cdls has been fmmd usdfol in preventing 
ARD in army recruits in the U.S.A. 

. Canine Hepatitis^ — Infectious canme heratitis or Rubarth's disease is 
wdegpread in mitain and in the continrats c# Eun^ and North Anmica. 
t^he disease at one time was oonfiised with canine distnnpor, bed; is « distinot 
entity caused by a different vuus. Young dogs and pupj^ soon after wean- 

we moot sHsoeptilde; infection also ooeuts in foxes, in udddi it takes^ 
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form of an acute encephalitis. After an incubation period of six to nine days, 
dogs suffer from high fever, vomiting, diarrhoea and abdominal pain. 
Petechiae of the gums and inflammation and engorgement of the tonsils are 
common. Icterus is uncommon. The disease has a rapid course and 25 per 
cent, of the animals infected die within a few days of the onset. At autopsy 
the predominant features are subcutaneous oedema and a haemorrhagic peri« 
toneal exudate. The liver is pale and swollen; histologically the endothelial 
cells of the sinusoids and the Kuffper cells show marked degeneration and 
the presence of acidophilic intranuclear inclusion bodies. The gall-bladder 
mucosa is markedly oedematous and the wall thickened. 

The virus is excreted in the urine for many weeks after full recovery and 
it is from this source that the dissemination of the virus is maintained. The 
virus may also be spread on the hands of animal handlers contaipinated by 
infected saliva. 

Properties of the Virus . — The virion is 65 m/x in diameter and in\negatively 
stained prejjarations has the electron microscopical appearances of me adeno- 
virus. Antigenically the virus shares the group complement-fixing antigen 
with the human adenoviruses but it is distinct from them in neu^alisation 
tests. The virus can be grown in cultures of dog, ferret, or pig kidney or 
testis. In monolayers it produces clearly defined plaques. 

Vaccines . — Several vaccines which contain living attenuated strains of the 
canine hepatitis virus are available. One is combined in a single prophylactic 
dose with an attenuated strain of the canine distemper virus. Another 
reinforces the antigenic stimulus of the attenuated hepatitis virus with two 
doses of inactivated virus. 


Virus Pneumonia 

This condition is in effect a syndrome of variable symptoms and signs 
which usually are less prominent than would be expected from the 
appearances of the soft patchy areas of consolidation that are seen at 
the bases of the lungs on radiological examination. There is no response 
to antibiotic therapy (but see Q fever, psittacosis, and primary atypical 
pneumonia). 

Aetiology. — ^Although there is evidence to associate a vride variety 
of infective agents with the syndrome, it is true to say that the cause of 
many of these cases is yet to be determined. Pneumonia of this type 
is found in Q fever, due to infection with Cox. bumeti, and a similar 
illness is caused by the psittacosis and Eaton’s agents. The influenza 
viruses and the respiratory syncytial vims, the Sendai virus, together 
with certain members of the group of adenoviruses (especially types 4, 
7 and 7a) are able to cause pneumonia of this type. The measles vims 
occasionally causes an interstitial pneumonia (Hecht’s disease) which 
is characterised by the formation of giant-cells with intranuclear and 
cytoplasmic inclusion. 

Although virus pneumonias resemble the syndrome known as 
Primary Atypical Pneumonia (see p. 500) they may be differentiated 
from it by certain clinical and radiological features and by the absence 
of the cold agglutinins and ^glutinins to Strepococcus M.G. which 
may occur in the latter condition. The cause of a high proportic^f 
cases of primary atypical pneumonia is Eaton’s agent (Q>ok et oLf 
litt, 1957) which is Mycoplasma pneumoniae^ a pleuropneumonia-'hKe 
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organism. Because M. pneumoniae is cultivatable on serum agar it is 
not a virus and it is described with the other mycoplasmas. 

Laboratory Diagnosis . — ^Paired samples of serum should be tested 
for cold agglutinins, Streptococcus MG agglutinins. Antibodies to the 
iniluenza and para-influenza viruses can be detected by haemagglutioa- 
tion or haemadsorption inhibition techniques. Antibodies to M. 
pneumoniae, Cox. bumeti, psittacosis, the influenza A, B and C and para- 
influenza viruses, the respiratory syncytical virus and the group of 
adeno-viruses are detected by complement-fixation. The sputum should 
be examined bacteriologically, and virologically as in psittacosis. Blood 
cultures and animal inoculations may be required if Q fever is suspected. 


RmNovmusEs 

The viruses of this group are responsible for the most frequent of ail 
human infections, the “common cold”. Most people suffer from two to 
four colds every year and, although the condition is not a severe one, 
secondary bacterial infection often follows with temporary incapacity. 
These viruses are the cause of the loss of many millions of man-hours 
of work. 

Properties of the viruses . — ^The virions are spheres about 30 m/t in 
diameter. Since growth is inhibited by 5-fluoro-uracil they probably 
contain RNA. They can be distinguished from most ECHO and 
Coxsackie viruses by the fact that their growth is not inhibited by 
benzimidazole. There are no reports that the rhinovinises can cause 
haemagglutination. Rhinoviruses, together with other very small 
viruses, are classified as Pkoma viruses. 

Cultivation . — ^The viruses are divided into two groups according to 
the tissues of optimal growth. “M” strains grow and produce a cyto- 
pathic effect in monkey kidney monolayers and also in continuous lines 
of malignant human cells such as HeLa and H£p2. “H” strains are 
most easily isolated in human embryonic kidney cultures but can, with 
rather more difficulty, also be grown in diploid cells from human 
embryonic lung (Hayflick & Moorehead, 1961, HeLa and KB cdls; 
Taylor Robinson, Hucker & Tyrell, 1962). 

Both M and H strains require for their growth a temperature of 
33 ° C., a pH lower than that commonly used, and the use of revolvir^ 
drums to maintain the oxygen tension of the cell cultores by rotation. 
Infeed cultures are maintained in a mediiun containing 0*03 per cent, 
sodium bicarbonate, 0*25 per cent, lactalbumen hydrolysate and 2*0 
por cent, calf serum in Hanks’ saline with antibiotiGS. 

Viability . — ^Rhinoviruses can be preserved at —76® C. and survive 
freeze drying rather better than most picoma viruses. Dryii^ in air 
at atmospheric temparature quickly inactivates the viruses. Tney are 
stable to heat treatment at 50° C. for 30 toin. but are sensitive to pH 
fluctuations and are quickly inactivated at pH 5*3. Ihey survive 
overnight exposure to 20 par cent effier. < 

Paffiogeaesis.— When rhinoviruses are instiBed into the nose of 
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human volunteers a mild sore throat and cough are the premonitory 
signs which precede the profuse nasal discharge of a typical common 
cold. The incubation period is 48-96 hr. CUmpanaees are the only 
other creatures known to be susceptible to these viruses. The viruses 
can be recovered from the secretion of the nose and throat but only 
rarely frmn the faeces. 

Epidemiology. — ^The incidence of colds is greatest in the winter 
months when outside temperatures are falling but the reasons for the 
seasonal variation has never been satisfactorily explained. Deliberate 
exposure of volunteers to wet and chilling does not increase their 
susceptibility to colds. Common colds are probably transmitted by the 
same mechanisms as those in influenza and other respiratory infections. 
About 10 per cent, of colds compel their victims to absent memselves 
from work. Colds in the home are often introduced by pre-school and 
school children who contract the infection from their piaynmtes. In 
general, adults under the age of thirty are more susceptible than those 
over forty (Lidwell & Willimns, 1961). 

Laboratory Diagnosis. — Tlus rests on the isolation of the causative 
virus in tissue culture and the neutralisation of its C 3 rtopathic eflFect by 
antisera. Antibodies in sera can be titrated according to their ability 
to reduce the number of microplaques which a fixed dose of vifus wiU 
produce in a monolayer of susceptible cells. 

Pn^hylazis. — ^An experimental vaccine containing a single in- 
activated virus strain injected intramuscularly is effective in stimulating 
the production of protective antibodies against that strain (Doggett, 
Bynoe & Tyrrell, 1963). The multiplicity of serotypes to be found 
in the community, however, makes it likely that for any vaccine to be 
dfective it would require to contain a large number of different virus 
strains. 

MisceUaneous Viruses Associated with Colds. — ^A number of 
these agents mostly picoma viruses are closely associated with cold-like 
illnesses. COE virus has been isolated in Great Britain and in the 
United States of America from patients suffering from febrile colds and 
sore throats. The virus has been identified as Coxsackie virus A2I. 
A serological survey in Great Britain has shown that the incidence of 
infection with the COE virus is low in children under the age of ten 
years and rises steadily with age. By the age of fifty years, 50 per cent, 
of individuals have antibodies to the virus and there is a sig^cantiy 
higher proportion of infection in males (Pereira and Pereira, 1959). 

ECHO 28 includes the J.H. and 2060 viruses which were isolated 
from feverish colds. These viruses are intermediate in their properties 
between the ECHO and Rhinoviruses. 

REO viruses (respiratory enteric orphan viruses), see p. 440, which 
at one time were classified as ECHO 10 have occasionally been re- 
covered from mild fevers in children but have been more constantly 
associated with diaridioea than with respiratory ^mptoms. 

Para-infiuenza viruses, the respiratory syncytial virus, the 
viruses, and Eaton’s agent have all been found in assodation with cold* 
like illness. 
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CHAPTER 34 


ENTEROVIRUSES; REOVIRUSES 

Those viruses which multiply predominantly within the cells of the 
intestinal tract of man are grouped together and are known as the 
Enteroviruses. In this category are three smaller groups ; the poUovirus 
subgroup consisting of the duee poliomyelitis viruses; at least 28 
ECHO viruses; and 30 Coxsackie viruses. Most are within the size 
range 25-33 m/x, ether resistant, and are antigenically distinct from 
each other. They can be isolated from human ^eces in tissue culture, 
and in the case of Coxsackie viruses also by the inoculation of infant 
mice. As well as causing poliomyelitis these viruses give risqto a wide 
variety of acute feverish illnesses in man. 

The enteroviruses are included in a larger group, the Picorimviruses, 
that also includes similar viruses such as ^e Rhinoviruses whi\;h cause 
common colds, the virus causing foot and mouth disease in farm 
animals, and a variety of other viruses many of which are pathogenic 
for different animals. 


POLIOMYELITIS 

Usually infection with the poliovirus is quite inapparent and the 
individual, although at the time excreting the virus, is unaware of any 
ill effects. Occasionally he may have a minor illness with, at most, 
symptoms of fever, headache and vomiting. In a smaller proportion 
of infections there are signs of a meningeal reaction of some severity 
and these may subside or proceed to involvement of the central nervous 
system with localisation of the virus either in the anterior horn cells of 
the spinal cord or in the region of the respiratory and vasomotor centres 
in the medulla. The clinical diagnosis of poliomyelitis based on the 
signs of paralysis is made in less than one in a thousand infections. 

The Properties of PoUovirus homms . — ^The poliovirus is a spherical 
particle 27 mfi in (ffameter; it is the mnallest known human pathogen. 
The virion is in the form of an icosohedron with, perhaps, 32 protein 
capsomeres enclosing a RNA core which constitutes 25-30 per cent, 
of the particle. ~ 

Two outstanding characteristics of the virus are its a£5riity for 
nervous tissue and its narrow animal host range. The only animals 
readily susceptible are the primates, though it has been possible to 
adapt some strains to grow in small rodents and chick embryos. Cyn(^ 
molgus and rhesus monkeys can be infected by the oral route and 
develop paralysis; in chimpanzees, however, the infection is often 
asymptomatic. Under the influence of cortisone, monkeys become 
more susceptible to small parenteral doses of the virus. The anim^ 
develop a viraemia which is suppressed when antibodies i^tpear, 
later they excrete the virus in their flwces. Poliomyelitis viruses at® 
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most easily isolated and cultivated in m vitro tissue cultures of monlwy 
kidney or in HeLa cells whwe thdr c 3 rtopathic effect becomes ra^dly 
apparent. They can also be grown in a wide variety of human cells in 
tissue culture explants, e.g. embryonic skin, muscle, kidney, tonsil, 
prepuce, testis and uterus; monkey testis or lung can also be used. 

FwW/ity.— The poliovirus is one of the most stable known. In 
aqueous suspensions of hunuin faeces at 4° C. it survives for many 
months, and in pieces of spinal cord in 50 per cent, glycert^ in normal 
saline it remains viable for periods of eight years or more. It can be 
preserved for many months or years at -20° C. or —70° C. Unlike 
most other viruses its infectivity is not well preserved by freeze drying. 
In human stools the virus may survive at room temperature for as short 
a time as one day or for as long as several weeks, depending on the 
amount of virus present, the pH, the amount of faecal moisture and 
other environmental conditions. The virus is readily killed by moist 
heat at 50°-S5° C. but milk, cream and ice-cream exert a protective 
effect so that the virus in these foodstuffs may survive exposure to heat 
at 60° C. It is destroyed by the process of pasteurisation of milk at 
52° C., but the safety margin is not sufficient for certain inactivation and 
the flash method at 72° C. is to be preferred. 

In infected human spinal cord the virus is rapidly inactivated at 
pH values below 2 or over 11 ; it survives for ten days at 4° C. in 1 per 
cent, phenol, 18 hr. at 4° C. in ether, and 0*1 per cent, sodium 
desoxycholate. Inactivation of poliovirus in tissue culture fluids is 
complete after seven days exposure to 0*025 per cent, formaldehyde at 
37° C., but its antigenicity is retained so that it can be used as an im- 
munising agent. The most active disinfectants are oxidising agents 
such as potassium permanganate and hypochlorites. In the absence 
of organic matter free chlorine in a strength of 0-05 parts per million 
will inactivate the virus, but higher concentrations than this are needed 
to disinfect swimming-bath water or materials contaminated by faeces. 

AnHgetUc Characters . — ^Three immunological types of the virus have 
been identified by neutralisation tests carried out in the monkey or in 
tissue cultures. The prototype strains of type 1 are the Brunhilde and 
Mahoney strains; type 2, which includes the rodent adapted strains, 
the Lansing and MEFl strains; and type 3, the Leon and Saukett 
strains. The three types are inununologically distinct, but overlapping 
in neutralisation tests is not infrequent. Type 1 is the common epi- 
demic type, type 2 is usually associated with endemic infections, and 
type 3 occasionally causes epidemics. The size, (ffiemical and physical 
properties, and the resistance of the three types are all identical. 

In partially purified preparations of polioviruses there are four antigeM 
which differ in density, (hemusl compositicm, infectivi^ and antigenic 
characters. These particles can be separated by sedimentation m a sucrose 
densiw gradient, and two of them, the D and C particles, can be distinguiahed 
a^rding to their predominant antigenic reactions. D partides have the 
chara^ristics of infective virus, are well defined and type specific; tiwqr art 
n ..«• dectron mkrogradis and contain 25-30 per eeitt. 

cent protein. C antigen oonfigpirstSon is asaod^ 


-- -»uonn appearance 
, A and about 70 per 
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ated with particles which are less electron dense and which are structurally 
impaired so that they have a ring or “doug^hnut” ^pean^; thqr are devoid 
of RNA and have the power to react with antibodies which appear very early 
in the serum of acute cases of poliomyelitis. If D particles are exposed to 
heat or to ultra-violet light, C antimn is produced. D partides in concen- 
trated preparations give ty^-specmc reactions in complement-fixation tests 
and in precipitin reactions carried out by the agar gel diffusion method 
C particle p^arations also react spedfically but are tiable to react hetero- 
typically with antibodies to all the three virus types. The preparation of 
purified suspensions of D particles for use in diagnostic serological work, 
although highly desirable, is still a matter of considerable technical difficulty. 

Patht^enesis. — The only natural source of the virus man; the 
virus is spread from person to person, and no intermediate host is 
known. The hunum reservoir of infection consists of penons who 
excrete the virus in their faeces and perhaps less commonly in their 
orophaiyngeal secretions. The great majority of these peopl^ have no 
paralytic manifestations of the iitfection and suffer no illness; ^e virus 
they excrete enters the new host by ingestion or inhalation. 

In paralytic poliomyelitis, the virus can be found in the faeces for 
a few ^ys preceding tiie onset of acute symptoms and is present in 
over 80 per cent, of cases in the stool durii^ the first 14 days. 
After three weeks some 50 per cent, of patients still excrete the virus 
and at five to six weeks 25 per cent. Only a few cases continue to 
excrete the virus after the twelfth week. No permanent cariiers are 
known. The virus can be isolated from the oropharynx of many cases 
for a few days before and after the onset of the ^ess. 

There is still some doubt as to the route by which the virus is du- 
seminated throughout the body. One su^estion is that there is a 
primary focus of viral multiplication and t^t from this site the virus 
is disseminated in the blood stream. It is probable that on entering 
the body the virus first invades the lymphoid tissues in the upper 
respiratory tract or the Peyer’s patches of the small intestine and the 
associated mesenteric lymph glwds; during the next seven days lar^ 
amounts of virus are produced locally in ^ese extraneural utes until 
finally it spills over into the lymphatics and b carried into the blood 
stream. In those cases which die of an overwhelming infection within 
a short time from the onset, the Peyer’s patches and the mesenteric 
lymph nodes are found to be greatly swollen and inflamed and to contain 
large amounts of virus (see Fig. 25). 

The viraemic phase marks the end of the incubation period and is 
manifest in tiie patient by the fever and generalised toxic symptoms; 
it is followed by a period of about 48 hours of relative wdl-being (the 
disease is biphuic) while the virus is invadii^ nerve tissu^ and then, 
in serious cases, the signs of paralysis appear. Viraemia has been 
proved to occur after experimental i^ection of monkeys and has be^ 
demonstrated on several occasions in man. It is probable that tM 
pocess can be arrested at various stages so that the virus may nuflttp^ 
in the intestine without ever reaching the bbod stream, at oDoe b ^ 
Mood stream the virus may be overcome by the prtient’* 
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defence medtanisms before it can readi nerve cells. Even if the vinis 
destroys nerve cells, it is only when certain criticsd areas are invidved 
that paralysis results. In this way it is possible to exphdn abortive and 
non-paralytic forms of poliomyelitis. It must be stated, however, that 
it is not yet known wht^er viraemia is a constant feature of the disease 
and that no adequate explanation has yet been offered of the manner 
whereby the virus enters the nerve cells in paralytic poliomy^tis. 



An alternative expl anat ion of the pathogenesis of polmnryelttii is 
that the virus is deposited on the mucous membranes the mou^ 

or intestine where it enters the peripheral nerve endings. The vinis 
then ascends aloi^ the axons to reach dhe pttipheral gane^ and thoi 
the cen^ nervous system. Virus muh^licatbn pulosn with ^ 
production of kniotis which may be small and heal quiddy nr nihtch 
progress to invoke vital atm and raniae paralysis. TMcivhtoioe 
to support this idetv depends on the &dipgs of lenons in die nqpopal 
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ganglia. It is, however, possible that such changes are caused not by 
die ascending spread of the virus but by its effect as it spreads outwards 
from the central nervous system. In general, it may be stated that there 
is considerable doubt as to whether the poliomyelitis virus can enter 
through intact nerve endings. In the experimental monkey, however, 
it is known that the virus can enter a nerve which has been deliberately 
cut and that it can travel along the proximal fibres to reach the central 
nervous system; such a sequence of events may occasionally occur in 
man and is thought to happen after tonsillectomy. 

Factors Predisposing to Infection . — ^There are a number of factors 
which are known to shorten the incubation period, enhance the severity 
of the infection, and promote the localisation of the virus in the central 
nervous system, thus predisposing to paralysis. Muscinar activity 
during the pre-paralytic phase of &e illness leads to paralpis of the 
limbs used. Pregnant women are more susceptible than non-pregnant 
women. Poliomyelitis occurring near full term is apt to be Were and 
may assume the bulbar form. Tonsillectomy carries an increased risk 
of bulbar poliomyelitis, and this risk persists for several months or 
even years after the operation. 

Paralytic poliomyelitis may also occur in children who have received 
inununising injections of alum-containing diphtheria toxoid, par- 
ticularly when combined with pertussis antigens. It is probable that 
the irritant properties of the alum or other adjuvants used in these 
vaccines is more important than the nature of the vaccine. A similar 
effect has followed the use of penicillin, arsenicals and heavy metals in 
mass campaigns against yaws. Paralysis occurs in the limb which 
receives the inoculation, and its incidence is approximately 1 in 37,000 
injections. There is much doubt about the manner in which the para- 
lysis is precipitated ; the irritant inoculum in the muscles may render the 
anterior horn cells of the corresponding segment of the cord more 
susceptible to virus invasion or perhaps it may provide a site for the 
local proliferation of the virus circulating in the blood. 

In paralytic poliomyelitis it sometimes happens that the patient has 
a double infection and that both the poliomyelitis virus and a Coxsackie 
virus (see p. 437) can be recovered from the faeces. Viruses of Cox- 
sackie group A occur with significantly greater frequency than those of 
group B in paralytic poliomyelitis. The constancy of the association 
of the poliomyelitis and Coxsackie group A viruses has been sufficient 
to suggest that infection with the latter predisposes to parai)wis. Cox- 
sadde B viruses are not associated with paralytic poliomyelitis and it 
is of interest to note that, in contrast to group A viruses, they have an 
interfering action which spares the mouse from the effects of expen- 
moital polimnyelitis. 


E^ddemiology 

Poliomyelitis occurs throughout the world, but in temperate din^tf 
assumes an epidemiolc^cal pattern quite different from that found in 
the tropia. In Eurcqye, North America and Australia the disease » 
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endcnuc with po'iodic epidemic increases, usually in the late summer; 

the tropics it occurs unifmxnly throughout the whole year without any 
tenden <7 to seasonal variation. As hygiene improves, however, the 
epidemic pat^n changes. 

At the begmning of the centu^, paralytic poliomyelitis was known 
as “Infantile Paralysis” because it most frequently attacked children 
under 5 years old. Since the Second World War, however, the position 
has changed and only one-third of the patients are under 5 years of 
age, one-third are in die ingroup 5-15 years and the remaining 
third are over 15. No age is exempt, and poUomyelitis has been re- 
corded at the age of 70 years. In places where overcrowding and poor 
sanitation permit rapid dissemination of the virus, poliomyelitis remains 
a disease of infancy, and by the age of 4 years practically all the children 
have acquired immunity to all the three virus types. It is established 
that infants are less likely to develop paralysis than older children, but 
the peak incidence is still in the 1-3 year-olds: in recent epidemics over 
60 per cent, of fatal cases have been in patients over 15 years old in 
whom the infection tends to be more severe. 

The higher standard of hygiene in some countries impedes spread 
of the virus over wide areas and individuals or whole communities may 
escape infection for many years. In this way it may happen that a large 
part of a population lacb immunity to tiie polioviruses and that when 
infection is introduced it spreads so rapidly among susceptible persons 
that an epidemic results. The introduction of more virulent strains 
may also be a factor in epidemic spread. It is difficult to know which 
of these factors was more important when in this country in 1947 the 
incidence of poliomyelitis rose from the usual figure of 4 per 100,000 
to 18 per 100,000 of the population. A preponderance of the clinical 
infections has been caused by type 1 virus. 

Poliomyelitis is often contracted during a period of quite close 
proximity to an infected person; the virus may be inhaled in infected 
particles or ingested. It is thought that the virus is frequentiy trans- 
ferred by the hands of persons who are excretii^ the virus or by 
those who have touched contaminated fomites. 

Faeces provide a rich and persistent source of the virus; it has been 
calculated that one gram of stool may contain several million infective 
doses of the virus. Sewage in urban populations contains the virus 
throughout the summer and early winter months, while poliomyelitis 
is prevalent. Water supplies may occasionally be contaminated by 
sewage, and in rural areas this may be a means by which infection is 
spread. There is little evidence, however, that the virus can survive 
the purification processes used for a piped water supply, and urban 
water-borne epidemics have not been described. Faei^ poUutioa of 
swimming-baths has often been thought to spread the infection, but 
there is little direct evidence on this point and with adequate diforina- 
tion the risk is «m«H- Mes may carry the virus to food on their feet 
« by regurgitating after feeding <» exposed 6«ces or sew^ 

Immumiy is permanent to tiie virus ^ caus^ fee infection, 
^though fee'tiwee virus types are antq^t^y distirua there » some 
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evidence to surest that prior infection with type 2 virus may confer 
a measure of resistance to the paralytic disease caused by type 1. 

Virus neutralising antibodies are formed early during the disease 
(often b^ore the seventh day) and perrist for sevei^ decades. Comple- 
ment-fixing antibodies are of much shorter duration. 

Laboratory Diagnosis 

Virus Isolation . — ^The virus may be recovered from faeces or throat 
swabs taken early during the disease. Two such specimens should be 
collected on successive days as early as possible in the course of the 
disease. A 10 per cent, faecal suspension is made in HanU balanced 
salt solution containing 100 units of penicillin and 100 /Lig.Iof strepto- 
mycin per ml. and is then centrifuged to remove coarse particles. 
Throat swabs are treated in a similar fashion. The material ia ^en used 
to inoculate four monolayer tissue cultures of monkey kidn^ human 
amnion, HeLa, HEp2 or other celb. If the virus is growing a cyto- 
pathic effect is usually seen in the cells within 48 hours. Identification 
of the virus type is carried out by a neutralisation test in which a 
measured dose of virus (approx. 100 TCD 50) is exposed to the action 
of standard t 3 rpe-specific antisera. It is convenient to dilute the vims 
isolate 1 in 100 and 1 in 100,000 and to mix these two dilutions with a 
suitable amount of the standard antisera. In fatal cases specimens 
obtained at autopsy should include the cervical and lumbar enlarge- 
ments of the spinal cord, the medulla, mesenteric lymph nodes and 
portions of smill intestine and colon with their contents. After being 
homogenised, these tissues are treated in the same way as faeces. All 
types of infected material can be preserved in the refrigerator at 4° C. but 
better results are obtained when storage is at — 30*^ C. Tissues should 
be placed in 50 per cent, glycerol saline before storage. 

It must be remembered that any poliovirus isolated from a patient 
may be either a “wild” virulent virus or an attenuated vaccine strain. 
The only certain way to distinguish between these two possibilities is 
to carry out virulence tests in ^e monkey, but with attenuated strains 
of polioviruses types 1 and 2 there are certain genetic, in-vitro, “marker” 
characteristics which are sufficiently stable to be helpful 

One marker that has been much used is the uOratypic antigenic 
structure of the virus which is characteristic for each strain. The rate 
of inactivation of a poliovirus by its -own homologous antiserum 
(calculated as the K value) is faster than that achieved by antisera to 
otlwr strains of the same type. Thus, when antisera to attenuated 
stnuns are set up against the vaccine viruses the K value is hi^er than 
if wild viruses lud been used (McBride, 1959; Card, 1960). A seco^ 
marker, the A (aluminium) marker, rests on the fact that attenuated 
strains are not inactivated by heat for 15 miru at 50° C. in the present 
of lOmM Aids, whereas wild strains treated in this way are inactivated 
and lose 3-4 log. 10 units of their infectivity (Melnick, 1962). Otba 
markecB which may be used include (1) the T or tet/40 marktf (L^P" 
and Lwoff, 1960) which employs the fact that neurovirul^ 



PROPHYLAXIS OP POLIOMYELITIS 431 

irifuses are more thermo-re^tant than attenuated strains, (2) the 4 
'bicarbonate) marker which uses the observation that stnuns with 
reduced virulence have a low plating efficiency in an add medium with 
a low bicarbonate content in the overlay, whereas virulent viruses grow 
well under these conditions (Dulbecco and Vogt, 1958), and (3) the 
IVI marker which rests on the fact that virulent polioviruses grow well 
with the production of lar^ plaques on a stable line of monkey kidney 
cells while attenuated strains ^ow less well with small plaques. 

The use of these markers is confined to polioviruses types 1 and 2; 
poliovirus type 3 is genetically so unstable that only virulence tests in 
the monkey serve to differentiate the wild from the attenuated viruses. 

Serological Tests . — ^Paired samples of serum are required; the first 
must be ^en as soon as possible after the onset of the disease and the 
second after an interval of three to four weeks. Neutralisation tests 
are usually employed with all the three virus t 3 ?pe 8 . If the first 
sample has been tdcen suffidently early it is often possible to show a 
significant rise of antibodies to the infecting virus type, but in practice 
this may not always be achieved because of the insidiotis nature of the 
onset. Antibody tends to rise rapidly, and titres of 1000 or higher are 
usual by the end of the third week of the disease. In t 3 pe 1 iMection 
some type 2 antibody may develop as well. Complement-fixation and 
flocculation tests are not yet in general use for routine diagnostic work. 


Prophylaxis and Control 

Since it has proved impractical to prevent the widespread dissemina- 
tion of the virus and because it is impossible to recognise the trivial 
infections that the poliomyelitis viruses cause, it has become obvious 
that the disease can only be controlled by raising the immunity of the 
population to a high level. 

Active immunisation with a formol-inactivated vaccine has been 
advocated by Salk for this purpose. The vaccine contains strains of the 
three t 3 pes of virus inactivated by exposure to formaldehyde. In the 
vaccine used in America, type 1 is represented by the Mahoney strain, 
type 2 by MEFl, and type 3 by Saukett. A second vacdne of this 
: type was developed in Britain and for greater safety less virulent strains 
were employed; the type 1 virus used was Brunenders, an attenuated 
I variant of Brunhilde, type 2 was a strain of MEFl adapted to 
I suckling mice and the type 3 virus was again Saukett Both vaodnes 
I have been used extensively and many millions of people have received 
I them without ill effect; they cause no load or g^eral reactions and each 
has been proved to lower significantly the in^ence of paralytic ptdio- 
"pyelitis. Initially two doses of 1*0 ml. of the vacdiK are given int»« 
®uscularly at an interval iff ffiree weeks. Two booster doses an; 
i^equired, one six to nine months after the seomd dose and the laM; a 
year or two lata*. 

Until I960 the ant^ienic efficiency of different batiffies of the tn- 
I activated vaccine was sometime variable. The type 2 virus component 
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was satisfactory and in most cases so was the type 3, but the anti- 
genicity of the type 1 component was such that up to about 15 per cent 
of those inoculated failed to produce antibody after two doses of the 
vaccine. New vaccines overcome this difficulty and contain a ten-fold 
increase in the concentration of the t 3 rpe 1 virus. Two injections oj 
these vaccines evoke a good antibody response in 95 per cent, of sus- 
ceptible children between the ages of 4 months and 14-15 years; a third 
injection given 7-12 months later results in a satisfactory antibody titre 
in almost 100 per cent, of the recipients. Antibodies first appear 7-lC 
days after the second inoculation, reach a maximum after about thret 
weeks, and then gradually decline, so that after two years their level u 
about 20 per cent, of the peak titre. Thereafter the level d^reases at a 
slower rate. In individuails who have received three dosei of a good 
vaccine a satisfactory antibody titre is maintauned for some five years. 

The inactivated poliovirus vaedne may be used simmtaneou8l}i 
with the triple vaccine against diphtheria, pertussis amd teWus or it 
may be combined with it in a quadruple vaccine (Butler et 0il., 1962). 
It has not yet been recommended for general use in Britain. 

Live attenuated poliovirus vaccines are now used extensively in 
many countries including Britain. The virus strains used in these 
vaccines are attenuated and lack aill power to produce paralysis even 
when injected directly into the brain or spinal cord of monkeys. The; 
were obtained by cultivating wild, but relatively avirulent, polioviruses 
in monolayer cultures of monkey kidney cells in which plaques were 
produced. By selection of a single plaque, pure clones of viruses were 
obtained and passaged until neurovirulence was lost. The strains most 
commonly used were developed by Sabin (1959a) and are designated 
as follows; Type 1 strain (LSc 2 ab). Type 2 strain (P712, Ch 2 ab) 
and Type 3 strain (Leon, 12 ab). 

Live attenuated vaccines have the great advantage that they are 
given orally and are therefore much easier to administer; large numbers 
of persons can be immunised by feeding the vaccine during a very short 
space of time. In addition this vaccine is much more economical in use 
than the inactivated vaccine because it is much simpler to prepare and 
the virus dose required (10®— 10*'® TCD 50) is approximately one 
ten thousandth part of the virus content of a single inoculation of the 
inactivated vaccine. 

The immunity which follows feeding the attenuated viruses is 
effective in over 90 per cent, of the subjects and the antibody response 
is as good as that induced by inactivated vaccines. The duration of the 
immunity follows the same general pattern as that produced by the use 
of inactivated vaednes but there is as yet no evidence on which to assess 
whether or not it will last any longer. In addition to evoking the pro- 
duction of humoral antibodies the growth of the vaccine strains in the 
^t creates a state of cellular resistance whereby the subsequent estab- 
lishment of polioviruses in the intestine is prevented. 

Administration of the attenuated strains in Great Britain is earned 
out by feeding a trivalent oral vaccine on three sqiarate occasions 
spaced at four to eight week intervals. Older childrai and adutts receive 
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the vaccine on a lump of sugar or in syrup (BP); in the case of infants 
it can be pven directly from a dropper. The dose is 0*15 ml. (3 dn^) 
and contains all three of the Sabin strains; Type 1 10® ’ TCD SO, 
Type 2 10® ® TCD 50, and Type 3 10® ® TCD SO. An alternative 
schedule i^mmended by Sabin employs monovalent vaccines whidi 
are given in similar doses in the order of types 1, 3 and 2 at intervals 
of at least four and preferably six weeks. 

Attenuated vaccines have the advantage that they can be adminis- 
tered very easily and quickly in mass vaccination campaigns. When 
used in this way in the face of a commencing epidemic they have been 
successful in halting the spread of infection. V^ole communities can 
be protected in this way and many hope that by these methods wild 
polioviruses may be eliminated and the disease of poliomyelitis will 
be eradicated. 

There has been much controversy over the relative merits of the 
inactivated and the attenuated vaccines. In summary it may be said 
that both are highly effective immunising agents and both give very 
similar immunological responses. The inactivated vaccine can be 
accepted as safe without question but doubts exist about the possibility 
that the attenuated polioviruses will, as they are repeatedly transferred 
naturally from man to man, revert to a more neurotropic form and 
eventually resume their power to cause paralysis. 

There is now little doubt that a small number of cases of paralytic 
poliomyelitis, that occurred in the U.S.A., were very closely associated 
with the use of the living vaccine. The risk to children under 15 years of 
age, however, is very small, and has been calculated for Type 1 as 1 in 
6,000,000, for Type 2 as 1 in 50,000,000, and is ^eatest with Type 3 at 
1 in 2'5,000,00 vaccine doses. In adults the risk is greater and the 
position may be serious because a significant proportion of the total 
number of paralytic cases are associated with the use of the vaccine; e.g. 
24 out of 56 in 1%3 and 10 out of 14 in 1964 (Henderson et al., 1964). 
For an account of the inoculation schedules at present used see Chap- 
ter 43. 

Passive immunity can be conferred by injecting gamma globulin. 
The doses recommended are as follows: for persons over the age of 
7 years 1’5 g., for the age-group 1-6 years 1*0 g., and for infants under 
1 year old 500 mg. To afford protection gamma globulin must be used 
os soon as possible after exposure or when possible, before the risk is 
taken. As it is in short supply and of rather doubtful value, gamma 
globulin is reserved for special occasions; it is used for pregnant 
women after exposure, for children after tonsillectomy at epidemic 
Periods, and for laboratory workers accidentally contaminated by the 
It should not be used for family contacte of a recognised case. 


ECHO VmilSES 

^cn tissue cultures b^an to be used for the isidation of polio* 
"tytiitis viruses from stools it was soon found that many otiwe viraiea 
2e 
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also could be recovered from the intestinal tract. These viruses ca 
only be isolated in tissue cultures, optimally in those from monke^ 
Mdneys. Originally they were called “Qrplm’’ viruses because the) 
seemed um^lated to known diseases, and since they were present ii 
freces they were named “Enteric, Cytopathogenic, Human, Orphan 
i.e. ECHO viruses”. 

Properties of the Viruses . — ^By definition ECHO viruses are (1) cyto- 
pathogenic for monkey and human cells in tissue culture; (2) non- 
pathogenic for suckling mice and other laboratory animals; (3) un- 
related to other known cytopathc^enic viruses, e.g. poliomyelitis, 
Coxsackie B, herpes simplex, ii^uenza, mumps, measles, varicelh, and 
the adeno viruses; (4) neutrdised by human gamma globulin; (5) ethei 
resistant; (6) possessed of complement-fixing antigens; (7) cnaracterised 
by plaques (see p. 79) different from those of the poliomyelms viruses; 
(8) in Ae size range 23-35 m/x. ECHO type 10 is now regarded as the 
prototype of a new group, the REO-viruses (see p. 440). \ 

The ECHO viruses are in general similar to the poliomyel^ viruses 
in size, stability and resistance. They contain at least 25-30 per cent. 
RNA. They survive long periods at 4° C., are not inactivated at 37° C., 
and are stable at pH3 and pHll. In general, they are killed by heat 
for 30 min, at 65° C., survive well at — 70° C., but lose much of their 
activity on freeze-drying. Continuous cell lines, e.g. HeLa, are not 
suitable for attempts at ECHO virus isolation, as the cytopatUc effect 
may be absent or very slow to appear. 

Cultivation . — Most strains grow well in epithelial cells from the 
kidneys of rhestis or cynomolgus monkeys and also in human amnion, 
human embryo kidney, lung or skin muscle. Growth is good in con- 
tinuous lines sudi as HeLa or HEp2 but the cytopathic effect may be 
slow to appear or absent. 

When ECHO viruses are seeded in dilute inocula on to the surface 
of a sheet of tissue culture cells, each single infective particle sets up 
an area of cell lysis or a plaque (see p. 79) which is easily recognised. 
Types 7, 8 and 12 produce large circular plaques with clearly defined 
edges and a diameter after a week’s growth of 1 cm. Types 1, 3, 4, 6, 
9, 11, 13, 14 and 16 produce irregularly shaped plaques which develop 
slowly and seldom reach 0*5 cm. in diameter (Hsiung, 1962). 

ECHO viruses are pathogenic for rhesus and cynomolgus monkeys; 
types 2, 3, 7, 9, 13, 14, 16 and 18 induce a febrile illness wib 

viraemia and an antigenic res^nse (Wemaer, 1962). ECHO 9, espea* 
ally after repeated passage in tissue culture, produces a fatal paralysis m 
mice resembling that caused by the Coxsackie viruses. 

Haemagglu^uition of human group O erythrocytes is caused by 
types 3, 6, 7, 10, 11, 12, 13 and 19. These strains react with a receptor 
on human group O cells which is distinct from ifrat of the myxoviruses. 
The haemagghitinin is not separable from the virus partide. 

Astt^enic Characters. — ^Twenty-eight distinct anri^mc types na^ 
so far been distinguished by neutrsuisation tests in tissue edtuf • 
Cross reactions occur between types 1, 8, 12, and 13 in 
tests. Antigenic variation is known to occur in types 6» 9 sod 10* ^ 
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Qiay be a oommon ocourrence under natural conditions. The specR*- 
fidty of strains may be altered by cultivation in the presence of a 
heterologous antuerum. 

Patfac^enesia.— -As knowledge of them has increased the ECHO 
viruses have lost their “orphan” status and now only two remain, types 
15 and 17, that have never been clearly associated widi disease. 

ECHO virus infections are preceded by a short incubation period, 
usually of tlu ee to five days, and may take the form of dmple fever, 
aseptic meningitis, diarrhoeal diseases or respiratory illnesses. A 
rubelliform rash may complicate these disease patterns or may occur 
as the sole manifestation of infection. 

The sources of infection are human cases or carriers excreting 
echo viruses in their faeces or oropharyngeal secretions. When the 
viruses enter the body they multiply in epithelial cells in either the 
intestine or the respiratory tract. Some types, e.g. 6, 9, 11, 16 and 18, 
are able to penetrate the epithelial barrier of the gut to reach the blood- 
stream and multiply in secondary target organs. The viraemic phase 
may begin five days before the beginning of the illness and continue 
until 24 hours after the onset. Altogether, eleven types, 2, 3, 4, 7, 9, 
11, 14, 15, 16, 18 and 19, have been recovered from the cerebro spinal 
fluid in cases of aseptic meningitis. ECHO 9 appears to be able to 
invade nervous tissue and infection with it is sometimes accompanied 
by mild transient paralysis. Recovery from ECHO virus infections 
is almost invariably rapid and complete; the number of human fatalities 
which can be ascribed with certainty to these viruses is exceedingly 
small. 

ECHO viruses are not infrequently found in the stools of healthy 
young children, but the significance of this finding is not yet dear. 
There is little evidence to suggest that th^ are intestinal commensals 
and it is more probable that they are carried for undefined periods after 
mild or inapparent infections. 

Epidenoiology. — ^ECHO viruses occur in all parts of the world. 
They are found more ftequently in children than in adults and are more 
prevalent in the summer and autumn months in temperate dimams. 
The method of spread of the viruses is the same as that of the polioviruses 
and they are widely and rapidly disseminated when hygiene and sanita- 
tion are poor. In dosed communities of children and in schools the 
viruses are transmitted easily so that almost inevitably s very hi^ 

^ proportion of individuals are irdected and excrete the virus. 

All the ECHO types, with the exception of types 15 and 17, have 
^ associated with sporadic cases of asqptic moa^tis one nf the 
other disewe patterns already mentioned. In the erruptive fevers 
caused by types 9 and 16 the aetiological relationship betwew the rash 
the iitfective agmt is wdl established. A number of the typ^ 
notably 4, 6, 9, 16, 20 and 28, have ocmsiderable epidemic pote oti w te aa 
(Sabin, I960). 

BCHO 9 qptderaka have been osunmon in EumiM and North 
^rica and have tak» die form of lai^ outhreab of a mseaw lypfetiy 
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chaiacterised by a biphasic fever, a sore tbroat, an exanthem in the 
form of macular cm: macutepapular rash on the face, nedc and chest, and 
in 56 p» cent, on the trunk and extremities. A minority of patients 
showed clinical signs of meningitis but many without distinct clinical 
signs showed a pleocytosis of the cerebrospinal fluid. On erne occasion 
ECHO 9 was recovered from the medulla of an infant who died in 
coma. 

ECHO 16 epidemics have been called “Boston Fever” after the city 
where the illness was first reported. Clinically the infection starts with 
a sharp fever, abdominal pains and a mild sore throat. Commonly in 
children there appears, 24^8 hours after defervescence, a pi^ discrete 
macular or maculopapular rash mostly on the face, chestf and back. 
Aseptic meningitis is unconunon. 

ECHO 4 and 6 epidemics have been associated with coWiderable 
outbreaks of aseptic meningitis in children and adults. 

ECHO 18 has been recovered from the faeces of many inftkpts in an 
outbreak of diarrhoea. The children had no rash and no involvement 
of the central nervous system or meningeal reaction. 

ECHO 20 was recovered from the throats of children suffering 
from cold-like illnesses and respiratory tract infections. 

ECHO 28 or the J.H. or 2060 virus is the cause of a common cold 
illness and has been the cause of epidemics amongst army recruits in the 
U.S.A. 

Laboratory Diagnosis. — ^ECHO viruses are readily isolated from 
throat swabs, stools or cerebrospinal fluid; they are present in 80 per 
cent, of cases in the faeces for two weeks after the onset. The procedure 
is that described for poliomyelitis and involves the inoculation of 
monolayers of monkey kidney tissue cultures. Human amnion celk 
may be used, but HeLa and other continuous lines of human cells are 
unsuitable. Strains are identified by testing first against pools of known 
antisera and then by neutralisation by a single type specific antiserum 
(Hambling, Davis and Macrae, 1963). Infections with more than one 
ECHO type can sometimes be revealed by the different types of plaques 
produced in monolayer cultures. Serological tests are burdensome, 
and unless there is some indication of the prevailing ^e it is often 
impractical to set up the many neutralisation tests requir^. 

Other Enterovinues. — ^ECHO-like Viruses have been frequtotly 
isolated from animals. Monkeys appear to carry them asymptomatically 
and their presence is frequently detected by a ^opathic effect observed 
in uninoculated monkey kidney ti^ue culture cells. Often the cells 
show marked vacuolation and the viruses responsible have been knosro 
as “foamy agents”. There are at least 25 enteric cytopath<^[«^ 
monkey orphan (ECMO viruses). Sunilar agents have been recovered 
from bovines (ECBO viruses) and from swine (ECSO viruses). Further 
investigation is required into the relationship of these ani:^ 'Wruses 
to human ent«ic virtues and the possibility of their tnmsifer firom 
host to another! 
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COXSACKIE VIRUSES 

The third group of the enterovirus family contains the diirty Cox- - 
sackie viruses which cause such diverse illnesses as aseptic meningitis, 
epidemic myalgia or pleurodynia, herpangina and neonatal myo- 
carditis. 

Pr<^erim of the Viruses. — ^The virus particles are 25^35 mpi. in 
diameter. One strain (group A type 10) has been obtained in a higMy 
purified state from the carcases of infected mice by a combination of 
the processes of salting out and ultra-centrifugation; its elementary 
bodies when stored at 4° C. formed dodecahedral crystal about 100 m/* 
m diameter. The crystals have a high infectivity titre and contain a 
mixture of infective and non-infective units. About 4 per cent, of the 
virus particle is made up of RNA. In their reactions to chemical and 
physical agents Coxsackie viruses do not differ materially from other 
enteroviruses. 

The most outstanding characteristic of the Coxsackie viruses is their 
pathogenicity for newborn mice and hamsters. It is during the first 
48 hr. of life that these animals are fully susceptible to infection; 
thereafter they acquire a natural resistance and after the age of five days 
they can no longer be infected. By definition Coxsackie viruses are 
unable to infect adult mice. Two broad groups of the viruses have been 
made according to the histological nature and the situation of the lesions 
they produce in mice. 

Group A viruses^ of which there are 24, cause a single lesion, a 
widespread severe myositis involving skeletal muscle throughout the 
whole body. The principal muscles to be involved are those of the hind 
limbs, and in life the mice appear to have a flaccid paralysis. Usually 
the signs of infection appear four or five days after inoculation and 
progress until the animal dies four or five days later. 

Group B viruses, of which there are six, cause widespread lesions in 
many organs. The myositis produced is characterised by focal lesions 
and gives rise to tremors, incoordination and a paralysis resembling the 
spastic type. The viruses also cause areas of necrosis in the brown fat 
lobules, especially those in the interscapular and cervical pads of brown 
fat. They also cause meningoencephalitis and pancreatitis. The 
incubation period of group B infections in mice is prolonged and 
symptoms may not be obvious until the tenth day after inoculation. 
Inoculated mice must be kept under observation for three wedts. 

Haema^htmatioH. — ^Types A 27 and B 3 a^lutinate human group 
0 cells and type A 7 will agglutinate fowl cells which are s«>8ttive to 
the vaccinia haemagg^utinin. 

CukhcOioH. — ^Tissue cultures are of limited value in isolating the 
''^ses. Types A 9 and B 1, 2, 3, 4 and 5 grow wtil in monkey kidney 
monolayers and produce a cj^opathic resemUing that nl the 
poliomytiitis viruses. Th<H» strains do not produce a cytqpathie effect 
in human amnion or diploid ceils. lypesA It, 13, ISai^lS vtiHgwmr 
m HeLa but not in motdiey kidney cdUs. In geimral, hoiivuvtr, the 
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qitopathic effect in HeLa cells is variable and slow to develop. Ex- 
plants of human uterus in plasma dot cultures are susceptible to those 
strains which grow in motley kidney cells. Types A 1, 2, 4, 5, 6, 19 
and 22 do not produce « cytopathic effect in tissue culture and to isolate 
them it is necessary to inoculate infant mice (Wenner and Lenahan, 
1962). 

In monkeys Coxsackie viruses do not produce clinical diseases, but 
after inoculation a viraemia is developed and later the virus is excreted 
for several weeks in the faeces. Types A 7 and A 14, however, oossess 
the power to cause a mild paral}rsi3 in monke3r8 with lesions in the 
central nervous system resembling those of poliomyelitis. Type/ A 7, 
which has caused paralytic disease in man, is identical with the Riissian 
Afi IV strain which was at first thought to constitute a fourth type of 
the poliomyelitis virus. \ 

Ant^erdc Characteristics . — Thirty antigenic types have been defmed 
by cross-neutralisation tests in mice or tissue culture, and cross 
complement-fixation reactions. Twenty-four have the pathogenia^ 
of group A and six the characters of group B. Each of the six group 
B types are subject to antigenic variation and sera from convalescent 
cases may show heterotypic responses. Coxsackie A 9 is intermediate 
in some of its properties between the ECHO and Coxsackie groups and 
has some antigenic relationship with A 23 and ECHO 9. 

Paffiogenesis. — Coxsackie viruses are widespread in alimentary 
tracts of children and young adults and are disseminated in the summer 
and autumn months to a considerable proportion of children, especially 
those living under unhygienic conditions. The viruses are present in 
the gut for short periods, sometimes as little as a week, and are excreted 
in the faeces and have been recovered from sewage and flies. Their 
association with human infection is seen in the table on p. 439. 

Clinically aseptic meningitis has the same manifestations whether it 
is caused by the Coxsackie, ECHO or poliomyelitis viruses. It is dis- 
cussed further on p. 441. Epidemic myalgia or Bornholm disease, 
so-called because it was first described on the Danish island of Born- 
holm, is characterised by fever and the sudden onset of agonising stitch- 
like pains in the muscles of the chest, epigastrium or hypochondritun. 
Although the disease is most frequently recognised in its epidemic 
form, many sporadic cases also occur. Epidemic myalgia may be 
complicated by pleurisy and pericarditis. Herpangina is a sudden 
feverish illness of young children; the lesions in the mouth we highly 
characteristic and consist of papules on the anterior pillars of the fauces 
which soon become vesicles and finally shallow ulcers with a gre 3 rish base 
and a punched-out edge. In newborn infants severe and oltwi fatal 
myocarditis has been reported and the causative virus has been found in 
h^h amcentrstions in the myocardium at autopsy. It may be ffiat the 
newborn bal^ acquires ffie virus from its mother, and ^t, like the 
infimt mouse, it is highly susceptible to infection. 

Cioxsa^ie B viruses are able also to produce myocarditis in adults 
of all age groups but this occurrence is much rarw than in infants. 

In the respiratory tract Coxsackie A 21 (COE) has caused (^demies 
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of colds in c^ps of military recruits and B strains have been associated 
with acute infections, brondiitis, and pneumonia in young duldnm. 

“Hand, foot, and mouth” disease presents as punfol stomatitis vtith 
a vesicular erruption on the hands and feet. Typically it lasts for about 
a week (sometimes less); the majority of cases are seen in the summer 
in children aged 1-10 years. 


Clinical Syndrome 

Poliovirus 
Types • 

Coxsackie Viruses 
Types 

ECHO 

Viruses 

A 

B 

Types 

Neuronal damage 





Paralysis^ sustained 

1.2.3 

4,7,9,23. 


2,4,9,11,13,16. 

Paralysis, transient 

1. 2,3 

2,9. 

3, 4, 5. 

1, 9, 16. 

Encephalitis 

1,2.3 

— 

3*. 

9, 19. 

Aseptic meningitis . 

1,2,3 

2, 4. 7, 9, 
23*. 

1, 2, 3, 4, 
5*. 6. 

1, 2, 3, 4*. 5. 
6*. 7, 9*. 11, 
12, 13, 14, 15, 
16, 18, 19, 20, 
21, 22, 25. 

Enteritis • 


, 


6*, 8, 11, 14. 
18, 19, 20, 22, 
23, 24, 28. 

Herpangina 

— 

2, 3, 4, 5, 
6, 8, 10. 



Epidemic pleurodynia 
(Bornholm disease) 

— 


1, 2*. 3*. 
4*. 5*. 


Colds and respiratory 
illnesses 

— — 

21* (COE). 

1, 3. 

6, 8, 11, 20*. 
22, 25, 28*. 

Myocarditis 

1,2.3 

— 

2,3.4, 5. 

— 

Pericarditis 

— 

— 

2, 3, 4, 5. 

— 

Rashes, maculopapular 


2. 4, 9, 

1, 3, 5. 

2, 4, 6, 9*, 14, 

or vesicular 

— 

16*. 23. 

— 

16*, 18. 

**Hand, foot and 





mouth disease*’ 

— — 

5, 16. 


.1 


The relationship between enteroviruses serotypes and dinical syndromes. 
Figures in heavy type indicate the commoner serotypes. . 

An asterisk indicates strains known to have been associated with ej»* 
demies. 


l^idomiology. — Aseptic menii^tis, qpidemic myalgia wd herpan» 
gina all occur characteristically as epidemira. "pie p^ inadraioe is 
usutily in the summer months and large epidemm my occur, la tm 
summnr of 1951 a widespread epidemic of Bomholin disem oceuwed tn 
Great BiWn and in 1959 a hi^ incidence of due to 

Coxsatdde viruses vsas reported in Sootiand. Usually hw the penosa 
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involved in epidemics are under the age of ten years and three-quarters 
under twenty. Herpangina is seen in very young children under five 
years of age in day nurseries and kindergarten schools, where it spreads 
rapidly. Sporadic ci»es of all the clinic^ forms of infection occur and 
often the patients are young adults who have acquired the infection 
presumably from family contacts. For a review of the Coxsackie viruses 
see Plager (1962). 


Lafxiratory Diagnosis 

Virus Isolation . — ^The virus can readily be isolated from throat swabs 
or faeces during the first two weeks of the infection and can also be 
recovered from the cerebrospinal fluid from cases of aseptic meningitis. 
Stools and throat swabs are treated with antibiotics and clanfied by 
slow centrifugation in the manner used in isolation of the poliomyelitis 
viruses. The first step is to inoculate monkey kidney tissue (vltures 
and HeLa cells. Human anuiion cells may also be used but the yruses 
do not grow readily in them on primary isolation. C}^opathogenic 
agents growing in these cultures will include all the group B types and 
group A type 9. If this procedure yields no virus the specimens should 
be inoculated into mice no older than 48 hours by the combined intra- 
cerebral and intraperitoneal routes. The optimum age of mice for 
inoculation is 24 hours for group B and 48 hours for Group A viruses. 
Subsequently viruses will be placed in their appropriate groups accord- 
ing to the histological appearances of the lesions they produce. The 
causal relationship of a newly isolated virus to the illness should be 
confirmed by demonstrating a rising titre of homologous antibodies in 
the patient’s senun. The final identification of the numerical serotype 
is carried out by neutralisation tests in tissue cultures or, if this is not 
possible, in infant mice. The procedures are burdensome, for there are 
thirty possible t)rpe-specific antisera to set against the unknown virus 
and, unless some information is available as to the prevalent infecting 
t)q>e, it may require much time to complete the task. 

Serological Tests . — Neutralisation and complement-fixation reactions 
may be of value provided that the first serum has been taken within 
three days of the onset of the disease. Again the large number of viruses 
in the group often makes these tests impractical unless there is some 
clue as to the nature of the prevailing virus. 


REOVmUSES 

Viruses of this group were at first classified as ECHO 10 but subse- 
quently it was found that their larger size and other properties excluded 
them from the ECHO group. They w«« first called “Respirato^ 
Enteric Orphan” viruses by Sabm (1959b) and die initial letters of this 
phr^ gives the name REO. De^ite the name, however, the patho- 
genicity of REO virus for man has not been de^ly established. Al- 
liwu^ they have been isolated frequently from body secretions and 
excretions dieir pathological effects ate questionaUe. They have been 
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recovered from cases of diarrhoea in children and less frequently frrmi 
mild febrile upper respiratory tract infections (Macrae, 1962). 

Properties of the viruses . — ^The virus particle is 70 mjn in (fiameter 
and icosohedral in shape. The RNA core is enclosed in a capsid com- 
posed of 92 spherical capsomeres. All the R£0 viruses agglutinate 
human Group O erythrocytes. There are three serological types dis- 
tinguished by haemagglutination inhibition tests; ail three dbare a 
common complement-fixing antigen. 

Cultivation . — ^The viruses grow well in monkey kidney tissue 
cultures in which they produce characteristic RNA-containing intra- 
cytoplastic inclusions. Strains isolated in tissue culture can be adapted 
to growth in suckling mice. The type 3 prototype strain sets up a fatal 
infection characterised before death by jaundice, a typical oily appear- 
ance of the fur, ataxia and peritonitis. 

Aseptic Meningitis 

Physicians are familiar with an acute feverish illness in which all the 
classical signs of meningeal irritation are present and yet the cerebro- 
spinal fluid is bacteriologically sterile. The condition has been known 
as “abacterial”, “serous”, “virus”, “lymphocytic” and “bemgn”, but 
no one term is precisely accurate and the name “aseptic” is retained 
on the ground of common usage.' The cell count in the cerebrospinal 
fluid is raised and figures between 50 and 2000 per cu. mm. have been 
recorded. The cells are predominantly lymphocytes and no bacteria 
can be seen in stained smears or obtained in culture. The protein 
content is always raised, usually to 80 or 100 mg. per ml.; the figure 
ma y, however, be as low as 50 mg. per ml. and the increase may not 
be apparent until several days after the onset of infection. 

It must be remembered that this clinical syndrome may be assisted 
with bacterial as well as viral infections. Tuberculous menii^tis, 
middle ear disease, subdural abscesses, leptospiral meningitis, and even 
pyogenic meningitis under antibiotic therapy can all be associated with 

such a clinical picture. .... 

Primary virus infections giving rise to aseptic meningitis are ^used 
by poliomyelitis viruses (non-paralytic poliomyelitis); Coxsackie viru^ 
especially group B; ECHO viruses; lymphocytic choriome^pto 
virus; herpes simplex virus; certain arbor viruses, e.g. louping ifl, 
western equine encephalitis and russian spring-summer encrahahtis. 
In addition aseptic meningitis occurs as a complication of the followu^i 
mumps, chickenpox, measles, herpes zoster, infective hepatitis, sandfly 
fever and Jennerian vaccination. 

Teschen IMsease 

Teschen Disease is an acute encephalomyelitis in pig^ The arnmals 
suffer horn flacdd paralysis and devdop lesions in dm cratosl mwvoitt system 
which closdv resemble those of human polkimyehtis. Tne causative 
is 25-30 sop in and has many of dm general properties of die 



442 MEDICAL MICROBIOLOGY 

poliomyelitis viruses. It is^ however, completely distinct antigenically and 
represents a unique type* The virus is excreted in the faeces and inf^on 
follows i^estion of contaminated food. Teschen disease is widespread on 
the continent of Europe, especially in Poland and Czechoslovakia, but has 
not been reported elsewhere. Sporadic cases of a similar though milder 
disease due to the related Talfan virus have been reported in Great Britain. 
The virus can be cultivated in pig or monkey kidney cells in which it produces 
a cytopathic effect like that of the polioviruses. 
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CHAPTER 35 

VIRAL HEPATITIS: INFECTIOUS MONONUCLEOSIS 

Viral hepatitis includes two human diseases udiose relationship to each 
other is still in doubt. Infective hepatitis and serum hepatitu (homo- 
logous serum jaundice) are botii characterised by the same clinical 
features of fever, nausea, malaise and jaundice. In both diseases severe 
degenerative changes occur in the parenchymal cells of the liver and 
marked impairment of hepatic function results. Usually, healing is 
remarkably complete and normal function is restored, but in a small 
proportion of patients relapses occur and occasionally the end-result may 
be multilobular cirrhosis of the liver. 

Infective hepatitis, or to use its older name “catarrhal jaundice”, is a 
disease of children and young adults. It occurs endemically and more 
characteristically in epidemics in institutions, schools and in military 
camps. The virus is excreted in faeces and infection follows the inges- 
tion of contaminated food; under conditions of communal living spread 
is facilitated and epidemics may occur. 

Serum hepatitis is contracted when the virus is injected into a suscep- 
tible person ; it occurs only after the injection of human serum or blood. 
Virus A is the name given to* the agent assodated with infective 
hepatitis and virus B is associated with serum jaundice. 

Properties of the viruses , — Different workers have claimed to. have 
cultivated the viruses but their results have not so far been consktently 
reproducible in other laboratories. Amongst these claims, which all 
await confirmation, is that of Rightsel et ^ (1%1), who observed a 
cytopathic effect when a line of human cancer cells (Detroit 6) was 
inoculated with icterogenic serum or plasma. These workers who 
claimed the isolation of three serotypes of the virus, stated that it was 
12-18 mfi in diameter, and reported that it survived after 30 min. at 60° 
C. The oral administration of one of the isolates failed to reproduce the 
disease but parenteral inoculation of human volunteers was followed by 
hepatitis. Davis (1%1) found, in the sera of 14 of 22 children wit& 
infectious hepatitis, agents which produced a cytopathic dBEect on ffie 
cells of a line oi human embryonic lung and showed that they were niH 
known enteroviruses. Hillis (1962) recovered from the serum of 2 of 
12 cases of acute hepatitis an agent which had a destructive effect on 
growing chimpanzee kidney cells. 

Because the only known susceptible host has been mm, much ot the 
knowledge that we have of these viruses has been obtsined from studies 
on human volunteers. 

Virus A. Inactive Hepotftfr.— The ^ of the virus particle is not 
known although it has been proved to be able to paw throti^ a 
£K filter. The virus can be preserved for long pniods in ffw fmtm 
18 mom^ at -20° C It survives heat at $6° C. for 30 
oun. and wilhstmds chlorine at a concentration of onejpttt per imtl^ 
for 30 min. and 10 per cent ether at 4° C. for 24 hr. Whm^vMiOfii% 
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or parenterally to human volunte»s the disease develops in 17-30 days 
and the virus is present in the blood and faeces in the pre-icteric and 
early icteric phases of the illness. 

Virus B. Serum Hepatitis . — ^The virus, according to filtration experi- 
ments, is 26 mu or less in diameter. It survives storage at room tem- 
perature for six months and can be kept at — 20° C. for over four years; 
it is also well preserved by freeze drying. It has survived heat at ^° C. 
for four hours. Ultra-violet light has failed to inactivate the virus in 
plasma. The virus is not affected by 0’25 per cent, phenol, 0*05 per 
cent, merthiolate, nitrogen mustard in a concentration of 50 mg. per 
litre, or 10 per cent, ether. It is inactivated by beta-propiolactone in a 
concentration of 4 g. per litre, and by sulphur mustard in ^ 0-005 M 
concentration. 

Pathogenesis. — The only source of infective hepatitis is Wn; the 
virus is present in his blood and intestine during the incubation period 
as well as in the pre-icteric and icteric phases of the acute illness. It is 
probable that most patients excrete the virus in the faeces for alrout one 
month after the onset but some, especially infants, may be faecal 
carriers for several months. The virus is also present in the blood 
stream, where it is known to have persisted for as long as eight months. 

The only known source of serum hepatitis is human blood or serum 
or their products, and transmission occurs solely after the injection of 
these substances. When the donor of the blood or serum is traced it is 
seldom possible to elicit a history of previous jaundice. Sometiihes the 
donors suspected as being the original source of infection develop 
jaundice many months later. 

Minute amounts of blood or serum, as little as 0-01 ml., have often 
been known to have transmitted serum hepatitis. The disease develops 
after a remarkably long incubation period, which on average is about 
80 days but may be as short as 40 days or as long as 160 days after the 
injection. The duration of infectivity following the jaundice is not 
known. In many cases the virus is in the blood for many months after 
recovery and long after the liver function tests have again given normal 
results. The longest recorded period for a person to have carried the 
virus in the blood is five and a half years. Patients with serum hepatitis 
do not seem to excrete the virus and their immediate contacts are not 
liable to contract the infection. 

Epidemiology 

InfecHve Hepatitis exists throughout the world. It is essentially a 
disease of children and 65 per cent, of cases occur between the ages of 
5 and 15. In young children, the disease may occur as an inapparait 
infection {e.g. in nurseries) or may manifest itself as an attack of diar- 
rhoea. There is a seasonal trend with increased prevalence in the 
autumn and winter. Outbreaks in institutions, schools, mental hospitals 
and orphanages are common; often there is a characteristic interm of 
three to four weeks between die appearances of small crops of cases and 
this sequence may continue for months ot even years, invoiving new 
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members as they join the community. A similar sequence of infections 
is a faimliar occurrence in lar^ Emilies. The disease has a spei^ 
tendency to widespread epidemics amongst troops under wartime con- 
ditions. In the Mediterranean theatre in the Second World War, many 
thousands of young soldiers suffered from a severe form of infective 
hepatitis. Communal living, poor sanitation and transfer by flies were 
all factors which aided the spread of infection. There are many ex- 
amples of explosive waterborne epidemics, and many otl^ra have 
followed the contamination of foodstuffs by carriers. ShellflsAi, e.g. 
oysters and mussels, have been responsible for large-scale epidemics. 
It must also be remembered that, like serum hepatitis, the infection 
can be transmitted by the use of syringes and needles contaminated 
with blood. The subject of infective hepatitis is studied in detail by 
MacCallum et al. (1951). 

Serum Hepatitis . — On repeated occasions serum hepatitis has 
occurred in hospitals and clinics where syringes and needles were used 
without sterilisation between each inocuhtion. Since the introduction 
of proper cleaning and sterilising methods such outbreaks are rare and 
occur only when faulty technique prevents the destruction of the virus. 
In venereal clinics so-called ‘‘arsenical jaundice” in patients receiving 
courses of intravenous injections for syphilis used to be a common 
complication; for many years it was thought to be a true manifestation 
of the arsenical treatment, but when regular routine daily sterilisation of 
all syringes was introduced the condition virtually disappeared. Serum 
hepatitis has followed blood transfusions and more often the use of 
plasma and pooled serum but very rarely after the use of human gamma- 
globulin. Human serum has sometimes been used as a constituent of 
suspending or preservative solutions for yellow fever virus vaccines and 
on at least two occasions big epidemics of hepatitis occurred in service 
personnel receiving the vaccine. 

A Comparison of Infective and Serum Hepatitis . — The very con- 
siderable diflierences between these two diseases are shown on page 446, 
and they are sufficient to suggest that the causative viruses A and B are 
separate entities. The fact that a patient who has recovered from 
infective hepatitis can still contract serum hepatitis and vice versa 
would support tiiis view; but whether this repres^ts two distinct 
viruses or antigenically dissimilar variants of the same virus is quite 
unknown. 

Infective hepatitis is an example of the familiar pattern of the 
natural history of many infectious diseases of man. Serum h^atitis, 
however, is quite different, for it is obviously an artificially induced 
condition; it cannot be produced by the ingestion of icterogenic serum 
and follows only after needle puncture. The condition is not con- 
tagious and the virus is not found in tiie stools. If serum hepatitu is a 
distinct entity there should be smne means whereby it is iqtread natundfy 
but this so far has eluded dMervation. Burnet 0^^) ^ su^^ested 
flist tile virus may be transmitted from parent to onqpmg tranq^dacent- 
ally and tiiat as a cons^iuence the new host has an imnuioe-tokeaiMss 
to the viiUs but remains a pend^ent carries'. 
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A Comparison of Infective Hepatitis and Serum Hepatitis 


Disease 

Infective Hepatitis 

Serum Hepatitis 

Virus 

A 

B 

Infecdousness • 

Contagious. 

Not contagious. 

Incubation period 

15-40 days. 

40-160 days. 

Onset 

Acute. 

Insidious. 

Fever 

Over 100“ F. 

Low-grade. 

Age .... 

Children and young 
adults. 

Any age. 

Virus in blood . 

Three days before onset 
and in acute and con- 
valescent phases. 

In incubatidn period 
and acutemhase. 

Virus in faeces . 

In incubation period 
and acute phase. 

Not present.! 

Longest known dura- 
tion of carrier state: 

\ 

(a) Blood . 

8 months. 

5 years. 

(b) Faeces • 

16 months. 

Not present. 

Route of successful 
experimental trans- 


mission . 

Oral and parenteral. 

Parenteral only. 

Seasonal incidence 

Autumn and winter. 

All the year round. 

Prophylactic value of 


gamma globulin 

Good. 

Ineffective. 

Immunity: 



(a) Homotypic 

Present. 

Uncertain* 

(6) Heterotypic 

None. 

None. 


Both types of hepatitis have indistinguishable clinical manifestations 
which may vary from the severe to mild and silent forms. In both the 
virus has been shown to be present in the blood in the presymptomatic 
period. Virus B, for instance, was demonstrated in the blood of one 
patient no less than 87 days before he developed the first symptoms of 
illness. It is therefore apparent that blood from supposedly normal 
donors who have never had hepatitis, may yet contain Virus A or 
Virus B, or both. 


Prophylaxis and Control 

Infective Hepatitis . — ^An outbreak of the disease in sdiools and in' 
stitutions is often largely due to poor personal hygiene and inadeqwte 
sanitary arrai^ements. All the hygienic measures which are required 
tot^trol the spread of padtogenic intestinal bacteria should be enforced. 
It is of importance to make every effort to ensure that virus carr^ do 
not act as food handlers. All needles, syringes, blood-counting pipe^ 
and fauicete that may have been in contact wifo patients with imective 
hepatitis should be autoclaved. Passive protection i^fsinst dkicri infoc* 
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tion may be oonfeired up to six days before the onset of symptoms by 
the xise of gamma globulin (Moseley, Speers & Chin, 1963). Hietlose 
recommended for persons of the age of seven and over is 0*5 g. and for 
children below this age 0*25 g. 

Serum Hepatitis . — ^People who have had jaundice should not be 
used as blood donors. Persons without a history of hepatitis, however, 
may have the virus in their blood and the problem of making blood and 
blood products safe for transfusion has not yet been comfdetely scdved. 
Exposure to ultra-violet light and treatment with nitrogen mustard 
have been recommended but are not always effective in killing the 
virus. The addition of beta-propiolactone and sulphur-mustard (2,500 
mg. per litre) and storage for 6 months at 70° F. have given more 
encouragii^ results. When pools of plasma are made and stored for 
use later, ^e risk of contaminating large volumes should be reduced 
by taking into each pool the plasma of not more than five donors. All 
transfusion apparatus, syringes, needles, blood-counting pipettes, 
lancets, etc., must be autoclaved before use. Such sterile precautions 
are required not only in transfusion work but in haematological, diabetic 
and venereal disease clinics, and indeed should be employed whenever 
the skin of a patient is punctured. Gamma globulin has been found 
to give no protection against serum hepatitis. 

lAboratory Diagnosis 

There are no specific laboratory tests that can be used to detect the 
virus or its antibody. Some help may however be obtained from bio- 
chemical tests of liver function and estimation of serum transaminase has 
proved valuable in this respect. Many unusual serological manifesta- 
tions are found in infective hepatitis and serum jaundice. Amongst 
these false positive Kahn and Wassermann reactions are frequent. 
About 70 per cent, of serum samples from cases of acute infectious 
hepatitis are able to agglutinate the erythrocytes of one-day-old duck 
embryos to a litre of 1 in 80 or above, and erythrocytes of rhesus 
monkeys at litres of 1 in 128 to 1 in 2048. These haema^hitination 
tests are of some limited diagnostic value because positive findii^js 
seldom occur in obstructive or toxic jaundice (McCollum ef ol., 1959; 
Havens, 1960; Schmidt and Lenette, 1%1). These reactions are n<rt 
directly associated with action of the infectious hepatitis virus, uid it is 
probable that the altered processes of protein production, occasioned by 
severe liver dami^, result in the production of abnormal g^dbulins 
which react with a wide variety of different bacterial and viral antigens. 


INfECnOUS MONONUCLEOSIS 

Infectious numonucleosis or glandular fever is an acute feverish 
illness characterised by malaise, sore throat, enlargement cff tite 
^ands, a blood picture, and heterc^oile antiiiodifla in me 

blood. Liver function tests indkaie that liver damage » ooiist»% 
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present. In about 40 per cent, of cases the spleen is palpable, and in 
about 10-20 per cent, a rubelliform rash is seen; jaundice and meningeal 
symptoms are rare complications but evidence of hepatitis can be elicited 
by liver function tests in the vast majority of cases. Three clinical forms, 
anginose, glandular and febrile, have been distinguished according to the 
predominant clinical features. The infection occurs most commonly 
among school children and young adults. The disease is often mild and 
probably ambulant undetected forms are frequent ; it is rarely fatal. It is 
not highly infectious, although epidemics have occasionally been 
reported. There is some evidence to suggest that direct contact, e.g. 
kissing, may be a factor in the spread of the infection. , 

Aetiology . — ^The nature of the infective agent is unknown, but has 
been thought to be a virus on account of the infectious nature of the 
disease. In general, no laboratory animals can be infected andattempts 
to transmit the disease to man have usually failed. On one occasion 
when 250 ml. blood was transfused from a clinical case to a\ human 
volunteer the typical clinical picture of severe mononucleosis resulted. 
The cultivation of Usteria numocytogenes from the blood of a few cases 
has suggested that this organism may cause the infection in man, but a 
constant association with this or any other bacterium has never been 
demonstrated. 

Laboratory Diagnosis. — Some 50-80 per cent, of patients develop 
heterophile antibodies which can be demonstrated by Ae Paul-Bunnell 
reaction (see Chapter 54). The characteristic blood picture also helps to 
establish the diagnosis; a relative or more usually an absolute increase 
in the number of lymphocytes, together with the presence of abnormal 
monocytes, is diagnostic. A proportion of cases whose clinical illness 
and blood picture conform to those of infective mononucleosis do not 
have a positive Paul>Bunneli reaction and are referred to as “sero- 
negative infectious mononucleosis”. 

Mouse Hepatitis 

Weaned mice doubly infected with the mouse hepatitis virus and Epery- 
throxoon coccoides (a micro-organism related to HaemobarUmeUa) develop a 
fatal hepatitis (Gledhill, Dick and Niven, 1955). Neither agent by itself 
can cause evident illness. In the presence of E. coccoides the virus multiplies 
more abundantly, but the nature of this synergism is not understood. A 
proportion of normal mice carry E. coccoides and are thereby rendered sus- 
ceptible to virus infection. 

Hie virus is 80-120 m/i in diameter, inactivated in 30 min. at 56° C. and 
is ether sensitive. 


Hepatitis of Duddings 

This is an acute epizootic disease of young ducklings. It is a scheduled 
disease in Great Britain and is a rwidly fatal infection. Only young ducklings 
two to three weeks of are affect^; adult ducks, fowls and turkeys are 
reristant. Infected duckungs often die within a few hours of the onset of the 
disease; at aute^ die liver is enlarged with fMty duucge and shows sid>- 
capsular peteduae and largrar haanorrfaigcs. No incfaisioos have been 
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described in the infected tissues. The virus can be isolated from the liver and 
other tissues by egg cultivation. It is 2(M0 in diameter and <mitains 
DNA. The chick embryo is not killed by the virus^ but five days after 
inoculation a greenish discoloration of the liver and a viscid condition of the 
yolk-sac is cl^racteristic of the action of the virus. Hie virus does not 
agglutinate erythrocytes and is not related to the Newcastle virus. Ducks 
recovered from the disease are resistant to re-iirfection and their serum 
possesses neutralising antibodies. Active immunisation with vaccines of 
egg fluids or embryo livers has not proved satisfactory. 


REFERENCES 

BuRNBT, F. M. (1960). Principles of Animal Virology, p. 254. New York; Academic 
Press. 

Davis, E. V. (1961). Isolation of viruses from children with infectious hepatitis. 
Science, 133, 2059. 

Glbdhill, a. W., Dick, G. W. A. & Niven, J. S. F. (1955). Mouse hepatitis virus and 


2f 



riHAPTFR 


ARTHROPOD-BORNE (ARBOR) VIRUSES 

The term arbor viruses is a convenient abbreviation which is used as 
the name of a large group of viruses transmitted by arthropods. The 
name ARBO- VIRUSES has recently been proposed for these viruses 
because it has no suggestion that these agents are of arboreal origin. 
Members of the group infect man and many other mammals snd birds. 
Arthropods take in the virus when they feed on the blood of an infected 
animal and transmit it to a new host when they take their nm meal. 
The viruses multiply within the body of the arthropod without damag- 
ing its tissues or producing disease. Those viruses which, uike the 
rabbit myxomatosis virus, are merely conveyed mechanicallylon the 
soiled mouth parts or legs of the arthropods are by definition excluded 
from the arbor virus group. 

Arbor vu^ises are most prevalent in those parts of the world where 
tropical heat and rain encourage the abundant breeding of arthropods 
near to susceptible animals. Many of these viruses have complex 
infection cycles involving several vertebrate and invertebrate hosts. 

The arbor viruses, of which over 160 distinct prototypes exist, have 
been divided into groups on immunological grounds (WHO 1961). 
At present group A contains 17 types, group B 35, and group C 7; in 
addition there are 14 in the Bunyamwera group and 15 other groups 
each of which contain 2-6 members. There are 42 ungrouped viruses. 

Properties of the Viruses . — The viruses are within the size range 
20-50 m/i in diameter. They contain RNA and some of them appear 
to be spherical and enclosed by a covering membrane. 

Host Range and Cultivation . — The viruses infect many animals both 
domestic such as horses, cattle, sheep, goats, pigs and poultry and wild 
animals including monkeys, many species of rodents, and birds. The 
suckling mouse is the most susceptible of all laboratory animals; adult 
mice may be resistant to infection with some strains by all routes of 
inoculation except the intracerebral. The viruses multiply in the chick 
embryo after inoculation into the yolk-sac or on to the chorio-allantoic 
membrane. They grow readily in tissue cultures of chicken and mouse 
embryo, or in pure cell lines often with marked cytopathic effects 
(Buckley, 1959). It is a characteristic of arbor viruses that in addition to 
growing in the tissues of vertebrate hosts they also multiply in the 
arthropod vector. 

Haenu^lutination . — Most members of the group agglutinate the 
erythrocytes of newly-hatched chicks or geese. Optimal^conditionB for 
haemagglutination vary for each of the virus groups. 

Vi^Rty. — ^In^aqueous suspensions arbor viruses arc unstable at 
room temperature; at -20® C. they survive better but there is a slow 
progressive loss of infectivity over several months until it is lost at 
end of about 9 to 12 months. In solid CO* at -79® C. the viruses 
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survive for several years provided that they have been placed in con- 
tainers sealed so that the COj does not gain access to them. Suspended 
in fluids containing serum or bovine albumen these viruses can be well 
preserved by freeze drying. 

Formaldehyde even in very low concentrations, and 20 per cent, 
ether, inactivate the viruses; heat at 60° C. for ten minutes or ultra- 
violet light for ten to thirty minutes kills them. Sodium desoxycholate 
in a 0*1 per cent, concentration inactivates arbor viruses but fails 
to affect enteroviruses. This is considered to be an excluding 
property in that no arbor virus has yet been shown to resist this 
chemical. 

The effect of the pH of the suspending fluid is of the greatest 
importance in maintaining the infective titre of the virus. The majority 
of these viruses should be kept within the pH range 7-8, and for 
haemagglutination work the optimum pH for each must be deter- 
mined. 

Antigenic Structure . — There is a considerable degree of antigenic 
sharing amongst the arbor viruses, and they have been classified into 
groups A, B and C and 16 other groups according to cross-reactions 
m haemagglutination-inhibition and complement-fixation reactions (see 
page 452). Antigens for serological reactions are usually obtained from 
the infected brain tissue of newborn mice, but occasionally infected liver 
or serum may be used. The details of the techniques of haemagglutina- 
tion and haemagglutination-inhibition are described by Clarke and 
Casals (1958). 

Pathogenesis. — In a considerable proportion of infections the arbo- 
viruses give rise to subclinical or minor illness but in those patients 
who develop encephalitis the effects are often severe. After an incuba- 
tion period which may vary from 4-21 days there is a sudden onset of 
fever with signs resembling those seen in aseptic meningitis. Marked 
drowsiness or stupor is characteristic and the mortality, which varies 
with different viruses, is between 5 and 25 per cent. In elderly people 
the fatality rate is much higher, reaching 50-80 per cent. 

The pathogenesis of these infections in man has not been well 
studied, but it is thought that the virus multiplies first in an extraneural 
situation and that a viraemic phase follows some two to three days 
before the onset of the clinical illness. In fatal cases there is a severe 
inflammatory reaction most pronounced in the cerebral cortex but 
involving all parts of the central nervous sptem. 

Epidemiology. — ^To understand the epidemiology of the arbor virus 
infections a knowledge is necessary not only of the organisms themselves 
but also of the ecology of the arthropod vectors and non-human hosts of 
the viruses. Human infection is usually only an unimportant undent in 
the perpetuation of the virus in nature. Transmission of the virus from 
one vertebrate to the next may depend on more than one arthropod 
species, and several species of animals may be infected by the vecbMr’s 
bite. TTie chain of infection may simply he: 

Vector~>'Vertebrate host -^-Vector -►Vertebrate host 




of tl^ dithropod-bome animal viruses. A selection including the more important^in^e&Juiown to be associated with 
iliere are, in addition, about 80 other arbor viruses, some of wUch are associated^^ntirdise^ of gnimalg and others not yet 
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or it may be more complex: 


Vertebrate host->New vector 






Vector 

New host 


j' 


or again: 

Vertebrate host 

Vertebrate host 

New vector 

New host 


Vector 

Vertebrate host 

>-Man 


When the tick is the vector, the virus may be carried transovarially 
through several life cycles before the infection is again transmitted. 

For further details on this subject the reader is referred to larger 
works, eg. Smith (1959), Rivers and Horsfall (1959), Reeves (1961), 
McLean (1962). 

Laboratory Diagnosis . — The virus may be isolated from the blood 
in the early stages of infection; it is often difficult to recover it from the 
cerebrospinal fluid. The virus may also be found in infected brain 
tissue of fatal cases. Suckling mice should be inoculated intracerebrally 
and intraperitoneally and eggs by the chorio-allantoic method. Tissue 
cultures of chick embryo fibroblasts or HeLa cells may also be used for 
certain strains. Chick embryos can be infected but usually only after 
adaptation. When the virus is recovered from the inoculated mice or 
embryos it is identified in suitable neutralisation, complement-fixation 
or haemagglutination-inhibition reactions. Adult goose erythrocytes 
are useful in haemadsorption tests in tissue cultures. 

Serological tests for antibodies can be carried out using the haemag- 
glutination-inhibition technique but the results are usually only group 
specific because of the common antigens shared by these viruses. For 
general diagnostic use the complement-fixation test using infected chick 
emb^o antigens is satisfactory (Lenette et al., 1956). Complonent- 
fixation antibodies develop more slowly than neutralising or haemag- 
glutination-inhibiting antibodies and thus they offer a better chance to 
demonstrate a significant rise of titre. 


YELLOW FEVER 

Yellow fever is primarily a disease of monkeys and possibly of some 
other forest animals. In nature the infection is transmitted from mook^ 
to monkey by forest mosquitoes of the genera Aedes and Hamt^iogusi 
man is only involved inddentally when he is bitten by an imednd 
niosqmto. Hie human disease may vary from m almost symptomleas 
infection to a severe jaundice with haonorrhage and death. YdBow 
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fever is now a truly tropical disease and is endemic in large areas of 
equatorial South America and Africa. 

Properties of the Virus . — From measurements by filtration the 
diameter of the virus is 17-28 m/x. 

Host Range . — ^The yellow fever virus is pathogenic to all the species 
of South American monkeys but in many species of African monkeys 
it produces only viraemia and mild fever. Most African strains of the 
virus are highly pathogenic and kill the monkey by causing acute 
necrosis of 9ie liver. Other strains have predominant neurotropic 
qualities but some may cause only a mild feverish illness. Adult mice 
can be infected by the intracerebral route, but not intraperitoncal inocu- 
lation. Infant mice are highly susceptible and can be infected by any 
route of inoculation. Guinea-pigs are susceptible after intracerebral 
inoculation, but different strains of the animals vary in their response to 
intraperitoneal inoculation. The rat and the rabbit are completely in- 
susceptible. The virus can be readily cultivated in the chick empryo and 
in tissue cultures of chick or mouse embryos. Serial transfer of me virus 
in mice and other hosts readily modifies its pathogenicity for monkeys. 

There is conclusive evidence that the yellow fever virus multiplies in 
the mosquito. Aedes aegypti becomes infected when it bites a host 
during the first three days of the disease and then after an interval of 
twelve days it is able to transmit the infection. The insect remains 
infective for life, but the virus is not transmitted through the egg to the 
next generation. Mosquitoes are the only blood-sucking arthropods 
known to play a part in the spread of yellow fever. 

ViabiUty . — ^The virus is extremely labile and is readily inactivated 
by heat and antiseptics. It is also rapidly inactivated if it is diluted in 
normal saline and to prevent this 10 per cent, normal serum or 0’75 
per cent, bovine albumen should be added to the diluent. It survives 
in 50 per cent, glycerol saline at 0° C. for three months but is best 
preserved by freeze drying. It is well preserved at — 76° C. but care 
must be taken to avoid exposure to CO 2 . 

Antigenic Characters . — ^After infection with the yellow fever virus, 
neutralising, complement-fixing and haemagglutination-inhibiting anti- 
bodies appear. The first two of these antibodies are not identical and 
neutrali^tion appears some days before complement-fixation. In mild 
infections and after vaccination complement-fixing antibodies may be 
absent although the serum has definite neutralising qualities. The anti- 
gen used in the complement-fixation test is prepared from infected 
mouse brain or monkey liver and there is some evidence to suggest that 
it is not the virus itself which reacts but some product derived from the 
infected tissues. From cross-reactions in complement-fixation and 
haema^utination-inhibition tests the virus has been placed in group B 
of the arbor viruses. It is related immunologically to dengue, Uganda 
S, and Zika viruses. 

Pathogenesis. — ^After the virus has been injected through the sldn 
by the mosquito it spreads to the local lymph glands, where it multiplies. 
A^fter an incubation period of three to four days it invades the blood 
stream and is carried to the liver, spleen, bone marrow and kidneys, 
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where it sets up necrotic processes. In fatal cases the pathological 
changes seen at autopsy are those of jaundice with haemorrhage into the 
g^tric mucosa near the pylorus, and fatty change of the Uver and 
kidneys. Histologically there is a characteristic coagulative hyaline 
necrosis (the “Councilman lesion”) scattered diffusely throughout the 
liver. The necrotic changes are often most marked in the mid-zone of 
the lobules and are preceded or accompanied by cloudy swelling and 
fatty degeneration. 

Yellow fever virus infection is sometimes accompanied by the forma- 
tion of acidophilic intranuclear inclusion bodies {Torres bodies)-, they 
do not contain nucleic acid and probably do not consist of virus particles. 
These inclusions partially surround the nucleoli, are variable in size, 
granular in appearance and irregular in outline. Torres bodies are 
frequently found in the liver of the infected monkey but are uncommon 
in human tissues. 

Epidemiology. — ^At one time yellow fever was prevalent in urban 
communities and the virus was transmitted from person to person by 
Aedes aegypti. This mosquito is essentially of a domestic type and 
breeds close to human dwellings; antimosquito measures have now 
eliminated the insect in most towns and “urban” yellow fever has been 
virtually eradicated. 

Yellow fever, however, still occurs in people who live in remote rural 
parts in the tropics. It is referrM to as “Jungle” or “Sylvatic” yellow 
fever and is perpetuated amongst the monkey population by different 
species of mosquitoes. 

Tree-dwelling mosquitoes of the genus Haemagogtis are responsible 
for the persistence of the disease in Central and South America and 
Aedes africamis in equatorial Africa. 

Laboratory Diagnosis 

The virus may be recovered from the blood during the first five days 
of the illness. The serum is injected intracerebrally in mice (preferably 
infant mice) and when the signs of encephalitis appear the animals are 
killed and an emulsion from dieir brains is prepared. Identification of 
the virus is carried out by neutralisation tests with a specific antiserum. 

Serologically the diagnosis can be confirmed with neutralisation 
tests in adult mice on sera taken early in the disease and again durii^ 
convalescence. A standard dose of a mouse-adapted strain of yeUow 
fever virus (the French Neurotropic strain) is required in these tests. 
Neutralising antibodies develop early in the infection and are present on 
the fifth ^y. The antibody response in yellow fever is of two types, 
depending on whether the condition is primary or whether it occurs 
in an individual who has previously been infected with another agent 
beloi^;ing to g;roup B of the arbor viruses. In primary infections the 
antibodies produced are specific and enable the diag^nosis to be made 
with certainty. In superimposed infections antibodii» wdth wide cross- 
reactions with o^er arbor virus appear, and a specific diagnotra is 
virtuafiy imposuble. Complement-fixing antibodies appear later ffum 
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the neutralising antibodies and persist for only a few months; in mild 
infections and after vaccination with the 17D egg-cultivated virus they 
are not developed. The complement-fixation test, however, provides 
satisfactory evidence that infection is due to yellow fever virus imection, 
especially when used on convalescent sera from known cases of primary 
infection (Theiler, 1959). In fatal cases the diagnosis of yellow fever 
may be made from the characteristic histological lesions seen in the 
liver {vide supra). When, for any reason, autopsy is impracticable, 
small specimens of liver tissue for histology can be obtained by the use 
of a viscerotome, which is inserted through the skin of the abdominal 
wall over the liver. 


Prophylaxis 

Vigorous mosquito control measures have virtually eliminated urban 
yellow fever. For protection against jungle yellow fever or forWeven- 
tion of spread from endemic areas prophylactic vaccination is enective. 
The vaccine in general use contains a living attenuated strain of the virus 
(17D) and affords excellent protection; it is prepared from chick embryos 
inoculated with 17D and incubated at 37° C. for four days. The 
infected embryos are ground-up and freeze-dried in ampoules under dry 
nitrogen gas. The vaccine should be stored in the coldest part of a 
refrigerator (the ice chamber) and is reconstituted immediately before 
use with ice-cold physiological saline. Once made up, the virus must be 
used within thirty minutes and an ice-cold syringe should be used for 
the injections. As the virus is alive only one inoculation is required ; the 
minimum dose of immunisation has been set at 500 LD50 and this is 
contained in a volume of 0-5 ml. It is most unusual for any local 
reaction to follow yellow fever immunisation; but general reaction with 
symptoms of encephalitis have occasionally been reported in infants, all 
of whom have recovered without sequelae. It is usually advised that 
children under the age of one year should not be vaccinated unless there 
is a great risk of yellow fever. Immunity is effective by the ninth day 
after inoculation. Full protection is maintained for at least six years and 
in 70 per cent of persons for nine years. 

It is recommended that the vaccine should be given at least four 
days before smallpox vaccination or not until three weeks after a 
successful vaccination for fear of encephalitis. In West Africa, how- 
ever, French workers have combined dried yellow fever vaccine, the 
Dakiu’ vaccine (mouse neurotropic strain) with dried vaccinia virus in a 
suspending solution of gum arabic and have applied it to the scarified 
skin. Satisfactory levels of immunity against both diseases are achieved 
simultaneously, but the incidence of reaction was about 15 per cent. 


DENGUE FEVER 

Dengue is a mosquito-bome virus disease widespread in the tropics. 
The disease is benign but extremely prostrating with high fever, 
intense headache and very severe pain in ^e muscles, joints, bones, and 
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behind the qres. The fever may continue or may have a remission after 
the third day with a secondary rise three or four days later giving tijsc to 
the characteristic “saddleback” temperature chart. A maculO’-papular 
or scarlatiniform rash appears on the third or fourth day and persists for 
about three dajrs. 

Properties of the Virus . — ^The dengue viruses have the general 
properties of the family of arbor viruses. They are members of group 
B and are immunologically related to the yellow fever virus snd to the 
Uganda S and Zika viruses. They do not infect the guinea-pig, rabbit, 
or cotton rat, and only cause inapparent infections in monkeys. Some 
strains have been adapted to adult or suckling mice and produce a 
flaccid paralysis in the animals. Other strains have been cultivated in 
the chick embryo, monkey kidney and hamster kidney tissue culture. 
There are at least four distinct immunological t 3 rpes. 

Pathogenesis. — Dengue follows the introduction of the virus by the 
bite of the mosquito Aedes aegypti or of other Aedes species. At the site 
of the bite, a red papule 1-4 cm. in diameter is always present; the 
lesion is characteristic and is the site of local viral multiplication. 
Within 24 hours of the onset of the first fever the virus is in the blood 
stream and the disease begins. In the Philippines, Thailand and 
recently India, infection with t 5 rpes 3 and 4 has been found accompanied 
by a more severe form of the illness characterised by a petechial rash, 
epistaxis and gastrointestinal haemorrhage. 

Dengue occurs in the eastern Mediterranean, Africa, India, the Far 
East and on many islands in the Pacific Ocean. The infection is trans- 
mitted by Aedes aegyptae and certain other species of mosquitoes and is 
perpetuated in a cycle of infection which includes monkeys or man. 
The mosquito becomes infective some seven to ten days after biting a 
dengue patient and remains so for the rest of its life. The virus is not, 
however, transmitted transovarially to the progeny of the insect. It is 
probable that there is a reservoir of infection in mordreys, or in other wild 
mammals. When cold weather renders the mosquito inactive, outbreaks 
of dengue cease, and it is only in those parts of the world where warm 
humid conditions persist throughout the year that dengue is constantly 
maintained. 

Laboratory Diagnosis. — The virus may be isolated by the intra- 
cerebral inoculation of suckling mice with blood taken during toe first 
three dajrs of the illness. When the mice die toe virus is identified by 
neutralisation tests with type-specific antisera. If the mice survive, toe 
presence or absence of toe virus can be determined by challenging toe 
animals when they are four to six weeks old with an intracerebr^ in- 
oculation of 100 LD50 of a mouse-adapted strain. If toe mice are un- 
affected by the challenge they are presumed to have acquired a specific 
resistance from dengue virus in the original inoculum. 

Neutralising antibodies appear within seven dajrs of the onset of 
fever and complement-fixing antibodies about two weeks later. The 
haemagglutination-inhibition test is, however, toe most useful because 
when toe oonvidescent phase serum obtained within two days <rf 
defervescence is aanpared wito toe acute phase serum, a clear-cut rise 
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of antibody titre can usually be demonstrated. Antigens of both type 
1 and type 2 dengue viruses must be employed in these tests. Great 
care is required in the interpretation of serological findings because of the 
possibility of heterotypic responses following infection by other group B 
viruses. 

Prophylaxis . — Control depends upon the eradication of the mosquito 
vector. The yellow fever (17D) vaccine gives no protection against 
dengue. There is no dengue virus vaccine available for use at present. 


THE nCK-BORNE ENCEPHALITIS COMPL^ 

The majority of arbor viruses in Group B are mosquito-bome but 
six (perhaps more) are tick-borne, and constitute a family which includes 
the Louping 111, Central European Tick-bome Fever (RussUn spring- 
summer encephalitis). Far Eastern Russian Encephalitis, Omsk Haemor- 
rhagic Fever, Kyasanur Forrest Fever, and Powassan viruses.' 

The tick-bome viruses have the same general properties as other 
Group B arbor viruses but with the following special features: — they 
can be cultivated in fertile eggs where they grow in the yolk sac and in 
the embryo, as well as producing pocks on the chorio-allantoic mem- 
brane. Growth occurs in HeLa cells, monkey kidney, human amnion, 
human embryo, chick and mouse embryo cells. Antigenically the 
family are closely related to each other in haemagglutination-inhibition 
tests and there is a lesser degree of crossing with other group B vimses. 

The tick not only transmits infection through its bite but usually 
also constitutes a long-sustained reservoir of infection because it remains 
infected for long periods of time and transfers the virus transovarially 
to successive generations. It is rare for mammals and birds to act as 
natural reservoirs of infection but when domestic animals such as cattle 
and goats are infected they may excrete the viruses in their milk which 
may convey the infection to man. 

Louping HL — This is primarily a disease of sheep characterised by 
an encephalomyelitis giving rise to cerebellar ataxia and disorder of 
nervous functions. It occurs in Scotland and the North of England and 
owes its name to the peculiar ataxic leaping (louping) movements of the 
animal. The vector is the tick Ixodes ricinus. Cattle, pigs and monkeys 
can also be infected. Man is, however, seldom infected and in Britain 
there are only some ten fully authenticated cases, mostly in shepherds 
or laboratory workers. The human disease takes the form of a mijd 
meningitis from which recovery is complete. The diagnosis is made in 
the laboratory by isolating the virus from the cerebro-spinal fluid usii^ 
young adult mice inoculated intracerebrally and by neutralisation trats 
for antibodies in the serum, also carried out in mice. 

Central European Tick4x>me Fever (Russian spring-summer 
encephalitis — ^Western form) is a biphasic illness with an influeim-hkc 
onset, followed by a period of apyrexia for 4-10 days and culminating 
in meningitis or miningo-encepahalitis. Transient paralyaM are not 
infrequent but complete recovwy is Ae rule. Mild and inapparent 
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infections also occur. Severe forms, with permanent paralysis and a 
fatal bulbo-spinal form, occur infrequently. The vector is Ixodes 
ridttus. About 60 per cent, of human cases have been attributed to the 
bite of the tide and 23 per cent, to drinking unboiled goat’s milk. 

Far East Russian Encep h a litis (Russian sprii^-summ<x enc^hal- 
itis — ^Eastern form) is due to infection with a closely related virus. *1116 
disease is serious and is commonly followed by flaccid paralysw re- 
sembling that of poliomyelitis, or by the signs of bulbar involvement. 
The vector is Ixodes persukatus. 

Omsk Haemorrhagic Fever is caused by an arbor virus trans- 
mitted by the ticks Dermacentor pktus and D. marginatus. The disease 
is the most serious for man of any caused by tick-bome viruses and 
takes the form of a diphasic illness with fever, lymphadenopathy, gastro- 
intestinal symptoms, and haemorrhages from the nose, stomach, colon 
and uterus. 

Kyasanur Forest Fever is a disease found amongst forest workers 
in Mysore in Southern India. It begins about eight days after forest 
exposure with fever and a falling pulse rate; epistaxis, haemoptysis, 
bleeding from the gums, and other haemorrhagic incidents are common. 
There is a leucopoenia and a thrombotytopeonia. A biphasic form of 
the illness is reported in which, after an afebrile period of 9-21 days, 
there appear signs of involvement of the central nervous system includ- 
ing meningism, vertigo, tremors, and mental disturbance. 

Kyasanur Forest Fever was unknown until 1955 when an epidemic 
of the disease amongst forest workers occurred simultaneously with an 
epizootic in the indigenous monkeys. The vector is the tick Haema- 
physaUs spimgera which disseminates the virus amongst monkeys, many 
of which have mild infections, and also amongst birds. Although 
monkeys form an important reservoir of infection, other animals, in- 
cluding small rodents and wild jungle birds, may also have this function. 
It is possible that the virus was conveyed to India in the years preceding 
1955 by ticks transported there by migrating birds. 

Potoassan Vims is enzootic in Canada amongst squirrels and chip- 
munks. The vector is the tick Dermacentor andersoni. 

Prophylaxis. — The destruction of the tick vectors of the viruses 
wherever this is possible is the logical control procedure. Otherwise, 
formalin inactivated vaccines containing egg or tissue culture propagated 
viruses have been used with some success to protect personnel obliged 
to enter tick-infested areas. 


Sandfly Fever 

Sandfly fever is also known as phlebotomous fever because the virus 
which causes it is transmitted by the sandfly Phldbotomus papatasst. 
The disease has an abrupt onset with high fever, severe headadre, 
muscular aching, and pain behind the eyes. Photophobia, sti fl ne^ of 
the back and net*, and leucopenia are characteristic signs. Th^ is no 
encephalitis and the cmrebrospinal fluid is normal. Recovery is com- 
plete w ithin a few days and fatality is almost unknown. The disease 
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occurs commonly in countries bordering the Mediterranean and is seen 
also in Kenya, Egypt, Russia, China and India. 

The sandfly fever virus is introduced by the female phlebotomus 
and an itching papule appears at the site of the bite. After an incubation 
period of three or four days the virus is liberated into the blood stream, 
where it may be found a day before and a day after the onset of the 
clinical illness. 

The Properties of the Virus . — The diameter of the elementary bodies 
is 17-25 mfi. The virus agglutinates chick er 5 rthrocytes at 37° C. at 
pH 5*5— 6*5 provided an alcohol soluble inhibitor is removed. It can 
be propagated in the brains of suckling mice by intracerebral inoculation. 
It can be cultivated in tissue cultures of human, monkey, hamster or 
mouse kidneys. Laboratory animals including monkeys ana the chick 
embryo are not susceptible to the infection. Two distinct antigenic 
types, the Naples and the Sicilian strains, have been distin^ished by 
Sabin (1955) and are not related to other groups of the arbor mruses. 

The diagnosis of sandfly fever is usually made on clinical and epi- 
demiological grounds. Specific proof of infection with the sandfly 
fever virus can be obtained by isolation of the strains in suckling mice 
inoculated with blood taken on the first day of the fever. Further 
confirmation may be obtained by the demonstration of rising antibody 
titres in neutralisation, complement-fixation and haemagglutination- 
inhibition tests. 

Phlebotomus papatasH is only about 2 mm. long and is able to pass 
through the mesh of ordinary screens and mosquito nets. Control 
measures are directed against the vector and comprise the regular and 
systematic application of DDT to the breeding grounds of the 
phlebotomus. Insect repellents such as dimethyl phthalate used at 
night are useful in preventing the disease. 

Rift Valley Fever 

This disease, which is also known as enzootic hepatitis, was first 
described by Daubney and Hudson in 1931 in Kenya, where there was 
an extremely severe epizootic amongst lambs. Most of the lambs died, 
but many of the ewes recovered. Native shepherds and European 
investigators of the epizootic developed a dengue-like fever with severe 
back pains. 

The Rift Valley fever virus is about 23-35 tap in diameter. It can 
be grown in fertile eggs and in tissue cultures of the suspended cell type; 
sarcoma cells of rat and mouse origin and fibroblasts from human and 
murine sources are susceptible. The infection can be transmitted by 
blood, liver or spleen tissue from infected sheep to cattle, mice, field 
voles, dormice and squirrels. Rabbits, guinea-pigs, birds and reptiles 
are not susceptible. The virus has the property of haenu^lutination 
and has been designated as an arbor virus but it does not fall into any 
group. 

The disease in lambs is characterised by marked necrosis of the 
liver with haonorrhages into other organs. Inclusion bodies are 
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aumerous in the liver. In man the disease is mild and resembles dengue 
with a typical “saddleback” temperature chart. 

Rift Valley fever is transmitted by the bite of mosquitoes; three 
species of Aedes and several species of Eretmapodites transmit the virus 
to sheep and bovine, murine and human hosts. 

The diagnosis may be made by the inoculation of suckling mice with 
blood taken from a ca^ during the first 24 hr. of infection. When 
the infected animals die, the virus is identified by the characteristic 
lesions it produces in ^e liver and by neutralisation widi specific 
antisera. In convalescence the diagnosis can be made by demonstrating 
the development of neutralising, complement-fixing, and haemagglutina- 
tion-inhibiting antibodies. The results of these tests are remarkably 
specific and there is very little tendency to overlap with other arbor 
viruses. Antibodies to the virus appear as early as four days after the 
onset of the clinical illness and they persist for as long as twelve years 
after recovery. 


Arborvirus Infections of Animals 

There are arbor viruses which do not appear to be pathogenic for man but 
which cause epizootics and serious economic loss in domestic animals. 
These diseases include African horse-sickness and Blue tongue in sheep, both 
of which are midge-borne {Culicoides spp.) and also Nairobi sheep disease 
which is transmitted by the tick Rhipicephalus appendictdatus. 
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CHAPTER 37 


MISCELLANEOUS VIRUS INFECTIONS OF MAN 
AND ANIMALS 

Many of the viruses to be described in this diapter do not fall easily into 
the virus classification described on page 83 either because there is not 
yet sufiicient information about them or because they may belong to 
groups so far undefined. A number of viruses of veterinary importance 
have also been included for convenience. 


RUBELLA 

Rubella or “German Measles” is a common and mild\ infectious 
disease characterised by a macular rash and enlargement of the cervical 
l)rmph glands. 

Properties of the virus . — The virions are 120-180 m/i in diameter; 
they have a core about 130 m/i in diameter covered by a smooth outer 
membrane. The virus is inactivated by heat for 1 hour at 56° C. and is 
stable at —65° C. It is sensitive to ether, chloroform and desoxy- 
cholate. 

Cultivation . — In primary cultures of human thyroid tissue and in the 
cells of a transformed rabbit kidney cell, RK13, the virus regularly 
produces a definite cytopathic effect with focal changes and intracyto- 
plasmic inclusions (McCarthy, Taylor-Robinson & Pillinger, 1963). 
In primary human amnion and in embryonic-skin-muscle cultures the 
cytopathic effect is less regular. In primary cultures of kidney cells 
from vervet and patas monkeys and in the HeLa and Chang liver cell 
lines the virus grows without cytopathic effect. The presence of the 
virus, in the absence of any cyrtopathic effect, can be detected by its 
interference (see p. 74) with growth of a challenge dose of a virus such 
as ECHO 2 or 9, Coxsackie A9, or Sindbis. There are no confirmed 
reports of the growth of the rubella virus in the chick embryo. 

Atttigenicity . — ^Estimations of the antibody response in rubella infec- 
tions can be carried out by serum neutralisation tests performed against 
the virus grown in the RK13 line (Dudgeon, Butler & Plotkin, 1964). 

Pathogenesis. — The reservoir of infection is formed by human 
cases or carriers from whom the virus is transmitted in naso-p^ryng^l 
secretions borne in the air or dust. The virus is inhaled and multiplies 
in the mucosa of the upper respiratory tract After an incubation period, 
usu^y 16-18 days, there is a viraemic phase with fever and the localisa- 
tion of the virus in the skin lesions and cervical glands. Complications 
are very uncommon but the following occur occasionally: meningo- 
enceph^tis, neuritis, arthritis, synovitis and thrombocytopoenia. 

j^idemiology. — Rubella is world wide in distribution and occun 
usually in epidemic form. It affecte principally children but the disease is 
more common in adults than is measles. Epidemics have often occurred 
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in military recruit camps and in university communities. A case is 
infectious for not more than four days after the onset of the catarrhal 
symptoms. In one series a little over one-third of contacts a^[cd less 
than ten years were attacked and thereafter the rate fell sharply with 
advancing years. One attack of the disease usually confers immunity 
for life. 


Rubella in pregnancy 

During the viraemic phase of the illness the virus is able to cross the 
placental barrier in a pregnant woman and multiply in the differentiating 
cells of the human embryo. This passage happens most frequently 
during the first trimester of pregnancy, less frequently in the second and 
seldom in the third. The effect on the embryo is the production of 
congenital abnormalities of which deafness is the most frequent, and 
then, in order of incidence, congenital heart disease (persistent ductus 
arteriosus and ventricular septal defects are common), chorio-retinitis, 
cataract, mental defects, microcephaly, etc. The rubella virus has been 
recovered on several occasions from the tissues of malformed foetuses 
removed at hysterotomy from mothers who had suffered from rubella 
early in their pregnancies. There is no agreement on the assessment of 
the chances of an abnormal child being bom to a woman who contracts 
rubella during pregnancy. In Britain and in Sweden 14 per cent, of 
children born after rubella in the first trimester of pregnancy showed 
malformation of one or more kinds; about 30 per cent, of these infants 
had some hearing loss, 20 per cent, chorio-retinitis, and 18 per cent, 
congenital heart disorders (Manson, Logan & Loy, 1960; Lundstrom, 
1962). The incidence of prematurity and still births were also increased 
in women who had contracted rubella during the first trimester of 
pregnancy. Hill et al. (1958) estimated that the incidence of birth 
defects was 50 per cent, if rubella was contracted during the first month 
of pregnancy, 25 per cent, in the second month, 17 per cent, in the third, 
11 per cent, in the fourth, and 6 per cent, in the fifth, but thereafter the 
risk disappeared. The children of mothers exposed to but not con- 
tracting rubella in their pregnancies show no increased frequency of 
malformations. 

Laboratory Diagnosis. — The virus may be isolated from the blood 
m the viraemic phase, from throat washings and naso phar^geal swabs 
during the three days after the onset of fever or from the tissues of the 
abnormal foetus of a mother infected diurii^ pregnanty (vide supra). 
Antibodies in the serum are estimated by neutralisation tests. Charac- 
teristically there is a lymphocytosis in Ae blood with the presence of 
plasma cells and Turk cells. 

Prophylaacis. — ^No measures need to be taken to prevent the sprtod 
of this harmless infection amongst children and, indeed, many 
advocate that every effort dbiould be taken to expose girls so that th^ 
are infected and acquire an immunity bef<^ ffjey reach the age of 
carriage. In pr^ipoant women exposed to infection normal gaxi^^ 
globulin tt i^Eective in preventing the cluucai d iseas e. A dose of 1500 



464 


MEDICAL MICSOBI0L06Y 


mgm. reduces the attack rate, if given within 28 days of exposure, to M 3 
per cent. (McDonald, 1963). 

Although the rubella virus is notorious for the frequency with i^ich 
it can induce congenital abnormalities, other viruses, notably the pox 
viruses, measles, mumps, influenza, varicella hepatitis and the Cox- 
sackie group, many also in lesser degree possess this property. The 
position is reviewed by Blattner & Heys (1961). 


LYMPHOCYTIC CHORIOMENINGITIS 

Benign lymphocytic chorio-meningitis is primarily bn enzootic 
disease of wild mice. The virus is excreted in the urine ana faeces and 
is transmissible in contaminated dust to man in whom i\ causes an 
influenza-like fever or a meningitis. 

The properties of the virus . — ^The virions are 40-60 m/x i diameter. 
They are well preserved by freeze-drying or storage at — C. In 
whole infected tissue stored in 50 per cent, glycerol at 4“ C. the virus 
survives for several years. The virus is inactivated by 10 per cent ether 
overnight, 0’5 per cent, formalin, and 0*01 per cent, merthiolate. At 
pH values below 7 it is unstable. 

Cultivation . — ^The virus grows on the chorio-allantoic membrane of 
11-12 day-old chick embryos without pock production or any obvious 
effect on the embryo. Tissue culture cells of the chick, mouse, calves, 
and monkey support the growth of the virus but a cytopathic effect may 
not be obArious until the virus has been adapted by several passages. 

When inoculated into healthy mice intracerebrally a severe ence- 
phalitis results in which the animals show marked muscular spasms and 
convulsions. In the guinea-pig the disease takes the form of generalised 
systemic infection. Rabbits are not susceptible. 

Pathogenesis. — In man the most obvious clinical picture is that of 
aseptic meningitis but the infection may be inapparent or show itself 
as a severe influenzal illness or as an “atj^ical pneumonia”. 

The lymphocytic chorio-meningitis virus is essentially an inhabitant 
of mice and in these animals exists in a latent form which is transmitted 
by the mother to her young in utero. The virus is excreted by the mice 
in urine, faeces and nasal secretions. Most human infections are con- 
tracted from material contaminated by mice, and the most likely route 
of infection is thought to be through the respiratory mucosa. 

Laboratory Diagnosis. — ^The cerebrospinal fluid shows a marked 
cellular response; 200-1000 cells per c.mm. are present and 90 per cent, 
of them are lymphocyrtes. The protein is raised to 60-100 mg. per ml., 
but normal values are found for the chloride and sugar estimations; these 
findings help to distinguish lymphocytic chorio-meningitis from tuber- 
culous meningitis. Tne virus may be isolated from £e cerebrospinsl 
fluid by intracerebral inoculation of mice. Virus identification is carr^ 
out by neutralisation tests or complement-fixation reactions with 
specific antisera. 

Serological tests may give a retrospective diagnosis if virus isolatioD 
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tests have not been carried out. Complement-fixing antibodies appear 
by the fourteenth day, but are slow to reach a peak. Three samf^ of 
serum are usually required to establish the existence of a rising titre of 
antibodies; the ^t should be taken as soon as possible after &e onset 
of the illness, the second 14 days later and the t^d after an interval of 
four to five weeks. 

There are no specific measures to control infection with this virus. 
Extermination of mice will usually eradicate the disease. 'ITiose whose 
work as laboratory assistants or rodent exterminators obliges them to 
come into contact with mice must take precautions to avoid inhaling 
infected material. 


CYTOMEGALOVIRUSES 

This group of viruses affects man, guinea-pigs, mice and other 
rodents, and pigs. Many of them have a marked predilection for growth 
in the salivary glands and all are highly species specific. The human 
infection is known as Cytomegalic Inclusion Disease and takes a number 
of clinical forms. These viruses are also sometimes known as salivary 
gland or submaxillary viruses. 

Properties of the viruses. — ^Viru? particles of two sizes have been 
described in ultra-thin sections of infected fibroblasts examined under 
the electron-microscope. Smaller particles, 80-100 m/*, are seen in the 
nucleus at an early stage of infection and larger particles, 150-500 mju., 
are found in the cytoplasm. In the electron-microscope negatively 
stained particles are seen to have a structure like that of the herpes 
viruses with perhaps 162 capsomeres. 

Host Range and Cultivation . — ^The disease occurs naturally in man 
and there are more than a hundred recorded fatal cases in children 
mostly under the age of two years. Monkeys, guinea-pigs and mice 
are also affected. The virus can be cultivated in roller-tube tissue cul- 
tures of fibroblasts from explanted fragments of adult human utesrus, 
prepuce or embryonic skin-muscle. Strains of the virus are species 
specific, even in tissue culture, although the similarity of the cwular 
changes they produce suggests that they are biologically closely related. 

Viability . — ^At 4® C. the virus loses its infectivity within a we^ but 
can be preserved in 50 per cent, glycerol for Icmg periods at this tem- 
perature. It is destroyed by heat at 56® C. in 30 min., and is inactivated 
by exposure to 20 per cent, e^er for two hours, and by storage at pH 
values below 5. 

Pathogenesis. — In man infection may take one of the following five 
forms: (1) an inapparent infection involving only the salivary g^nds: 
(2) an overwhelming neonatal infection in a child bom to a wonum who 
presumably suffered from a symptomless viraemia during pr^;nan€y. 
The disease b^ins shortly before or soon after birth, oftm in a pre- 
inature infant. The i^tetion is genoalised and usually fsttd; almost 
all the organs are involved but jaundice, haemorrhages, hepato- aawi 
aplenom^y are the dominant Mtures, accompaiued afam by anuria, 
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calcification of the brain, and bronchopneumonia: (3) in children of 
3-6 months the disease may be associated with enteritis, upper respir- 
atory tract infections and pertussis: (4) in older children aged 6 months 
to 2 years the disease may be associated with tumours or leukaemia and 
may be responsible for Ae later developments of microcephaly, intra- 
cerebral calcification, and hydrocephalus: (5) localised granulomata 
occur rarely. 

Histologically large basophilic inclusion bodies in both the cytoplasm 
and the nucleus greatly distend the host cells and may measure as 
much as 40 m/i in diameter. They are found in the epithelial cells of 
the liver and bile ducts, renal tubules, bronchi and liningf cells of the 
alveoli, and in many other organs. I 

Epidemiology. — The disease is probably world wideband chiefly 
affects children up to the age of two years. Adults are rarmy affected. 
Infection is probably transferred in utero in many cases but in general 
the manner of transmission is not clear as a considerable number of 
cases are contracted post-natally. The virus is, however, pre^nt in any 
tissue bearing inclusions and may be excreted in the saliva, faeces and 
urine, and in theory could be transmitted from these sources. A high 
incidence of complement-fixing antibodies in adults (Rowe et al., 1956 
& Rowe 1960) suggest that the infection is more common than had 
been thought, especially where socio-economic conditions are poor. 

Laboratory Diagnosis. — The typical inclusions can be detected in 
cells in urinary sediments or in biopsy tissues. The virus can be 
isolated from throat swabs, gastric or bronchial washings, urine or 
tissue fragments by the inoculation of tissue cultures of human ex- 
planted tissues {vide supra). A complement-fixing test using as an 
antigen infected tissue culture fluids is valuable for diagnostic purposes 
and for serological surveys. Neutralisation tests are used to identify the 
virus after isolation and to detect antibodies. 


RABIES 

This is a disease of all warm-blooded animals and especially of dogs. 
The virus is excreted in the saliva of the animals and is transmitted 
by biting. 

Properties of the Virus . — The diametcLof the virus particle measured 
by filtration is 100-150 m/x. In negatively stained preparations the 
virus is seen under the electron microscope to have a fine structure 
similar to that of the m}rxoviruse8 with an inner, continuous, flattened, 
ribbon-like, helix. 

Host Range and Cultivation . — ^There is a wide range of susceptible 
animals, including man and almost all mammals; the outcome of infec- 
tion is nearly always fatal, with the exception that vampire bats are 
known to be able to transmit the virus for several months without 
showing any signs of the disease themselves. The virus invada the 
blood and the central nervous system of the host and is accreted in the 
salvia, milk and urine. These materials can be used to transmit the 
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infection to laboratoiy animals, including rabbits, mice and guinea-pi^. 
Freshly isolated strains of the virus are known as “street virus” and 
kill laboratory animals with a severe encephalitis after an incubation 
period which varies from one to twelve weeks according to die species 
inoculated. Multiple eosinophilic inclusions known as Negri bodies 
are found in the nerve cells especially in the hippocampus, and measure 
0-5 /X to 20 /u. in diameter. Negri bodies are specific in rabies infection 
and their detection in nerve tissue enables a diagnosis of rabies to be 
made. 

Serial brain-to-brain passages of the virus in rabbits yields an 
attenuated or “fixed” strain of the virus which is no longer able to 
multiply in extraneural situations. Negri bodies are scanty in the brains 
of animals inoculated with the fixed virus. The virus grows in the 
tissues of 7-day-old chick embryos inoculated by any of the usual routes; 
the maximum yield of virus is obtained nine days after inoculation. 
The virus has been grown in monolayer cultures of the following cells, 
chick or mouse embryo, suckling hamster kidney and embryo rabbit 
brain. Most strains appear to grow poorly and do not produce any 
marked cytopathic effect. 

Viability . — The infectivity of the virus in tissues kept at room 
temperatures is gradually lost in 7-14 days. At 4° C. the virus survives 
several weeks and in 50 per cent^ glycerol saline at 4° C. for many 
months. The best diluent for the preservation of the virus is 2*5 per 
cent, normal guinea-pig serum in saline. 

At 37° C., the virus survives five days, at 50° C. one hour, at 
60° C. five min., and at 100° C. two to three min. Rabies virus is more 
resistant than vegetative bacteria to disinfectants; 0*5 per cent, formal- 
dehyde fails to kill it in two months at 4° C., but I'O per cent, formal- 
dehyde, 3 per cent, cresol and OT per cent, mercuric chloride inactivate 
in 15 min. 

Antigenic Characters . — ^All strains of the virus are antigenically 
similar. Antibodies in the serum after vaccination can be demonstrated 
by neutralisation and complement-fixation methods. 

Pathogenesis. — ^The portal of entiy is the bite and the rabies virus 
in the infected saliva is introduced into the depths of the wound. 
Occasionally the virus may gain access through a pre-existing scratch 
or abrasion if this has been contaminated by saliva. The virus multiplies 
locally in the tissues, invades damaged nerve fibres, and spreads centrally 
to reach the brain and spinal cord. It is not yet decided whether the 
virus travels along the axons of nerves or along perineural lymphatics. 
There is no evidence that the virus is spread though the blood stream 
or lymphatic channels, and it has only rarely been isolated from the 
cerebrospinal fluid. 

The incubation period varies from ten days to two yeare after the 
bite of a rabid animal; its duration may depend on the distance the 
virus has to move from the point of entry to reach the brain. Aven^ 
figures arc: for bites on the 1^ 60 days, on the arm 40 days and on tM 
head 30 days. Hie incubation period is shorter in childrea than in 
adulto. 
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The first symptoms of the disease are headache, fever, a profound 
sense of apprehension, and a feeling of irritation at the site of the bite. 
The patients complain of a dry throat and thirst, but they will not 
drink. High fever, difficulty in swallowing and a fear of water (hydro- 
phobia) become the dominant symptoms, and the patient passes into 
delirium with generalised convulsions. The outcome is invariably 
fiital and at autopsy there is a severe encephalitis, characterised by 
generalised hyperaemia and a pronounced cell destruction throughout 
die brain especially marked in the medulla. Demyelinisation is wide- 
spread and ^e celib of the posterior horn are severely damaged. 

Epidemiology 

The epidemiology of rabies is determined by the animal sources of 
infection. Dog and cat rabies constitute the most important source 
because 95 per cent, of human infections are derived from these animals. 
In the dog the incubation period is as a rule two to eight weeks, but it 
may be as long as eight months. The disease is characterised by two 
clinical forms. In “furious” rabies the animals become aggressive, 
vicious and excited; they snap and bite at the approach of any other 
creatures. In “dumb” rabies paralysis of the muscles of the head and 
neck occurs and the dog cannot chew its food ; its owner, believing it has 
some object in its throat, may attempt to remove the obstruction and 
contaminate his hands with infected saliva. About 50 per cent, of rabid 
dogs excrete the virus in their saliva. They are infectious for only about 
ten days before their death. 

Many species of wild animals suffer from rabies. One of the most 
important carriers is the fox, which may transmit the infection to farm 
animals. In Canada many cases of cattle rabies have been attributed 
to this means of spread. In Europe, Iran and the Middle East wolves, 
and jackals have transmitted the infection, and in India the mongoose. 
Other species which are able to transmit rabies are rats, badgers, 
opossums, musk-rats, racoons, skunks and squirrels. 

Rabies may infect all the usual domestic animals, including the 
horse, cow, sheep, goat or pig. Often the animals are infected by the 
bite of rabid foxes, or other wild animals. 

In Trinidad and South America rabies is transmitted by the vampire 
bat Desmodus rotundas murinus. The bat is the only species so far 
recognised as being latently infected with rabies virus. Fruit- and 
ins^-eating bats are also known to harbour the virus, and when rabid 
are able to transmit the infection to other bats, animals and man. 

Control . — It is only by complete eradication of the animal reservoir 
that rabies can be eliminated. This has been possible in Great Britain, 
where the strict enforcement of a six month period of quarantine has 
prevented the entry of infected animals for many years. The wult 
has been that there is no longer any source of the virus to infect animals 
and there has been no case of rabies in the country since 1921. 

In odier countries it has not been possible to eliminate the animai 
reservoir so completely, and rabies stul presents a major problem to 
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many public health authorities. When the dog is the principal reservoir 
the disease can be brought under effective control by the active im- 
munisation of pet dogs and by the destruction of all strays and wild 
dogs. An effective vaccine in general use contains the living avirulent 
egg-adapted Flury strain of the rabies virus. It is given in a dose of 
3-0 ml. intramuscularly into the hind limb of the animal and an effective 
protection lasting three years is developed. 


Laboratory Diagnosis 

In man the clinical findings are so characteristic that laboratory 
confirmation is not usually necessary. The virus, however, is present in 
the saliva and may also be isolated from specimens of the nervous tissue 
and salivary glands obtained at autopsy. The material is first treated 
with antibiotics and then inoculated intracerebrally in mice; the animals 
develop a flaccid paral)^is of the limbs and die within six to eight 
days. 

In the dog the diagnosis depends on the demonstration of Negri 
bodies in the brain tissue and the isolation of the virus; there is no 
satisfactory serological test that can be used in life. If there is the 
slightest reason to suspect a dog of rabies, the animal should be kept in 
strict isolation and observed for a peViod of ten days; if it survives for 
this period, rabies may safely be excluded. If unmistakable symptoms 
of rabies are observed, the animal is killed (preferably with chloroform) 
and the diagnosis is confirmed by laboratory examination. If the 
laboratory is at some distance, the head is removed, wrapped in a cloth 
soaked in 50 per cent, glycerol saline, and forwarded in cracked ice. 
In the laboratory the scalp is reflected, the skull is opened by means of 
sterile bone forceps and the brain removed with aseptic precautions. 
The hippocampus, which is situated in the floor of the lateral ventricle, 
IS dissected out, smears are made by squeezing a portion of the tissue 
between two slides, and pieces are also fixed for histological examination. 
In addition, a suspension is prepared for animal inoculation. The 
method of choice both for accuracy and speed is that of inunune 
fluorescence. Conjugated antiserum is applied to thin sections or 
smears of brain or salivary gland which are then examined for fluoresc- 
ence. By this technique a specific diagnosis can be ntade within a few 
hours (^oldwasser et al., 1959, McQueen, Lewis, and Schneider, 1960). 
Smears may be iked in methyl alcohol for five minutes, and stained by 
Giemsa’s method or by Mann’s method (see Chapter 45). For 
section, the tissue is fixed in Zenker’s fluid aiul stained as above. 
The animal’s salivary glands should also be removed and homogenised 
for mouse inoculation. The diagnrais depends on the finding of the 
characteristic Negri bodies in the cytoplasm of the nerve cdls. These 
bodies are best seen when the animal has reached the paretic stage of the 
disease. Intracerebral inoculation of mice with brain emubion is also 
carried out, and if tte virus is present, paresis and death occur as 
described above. 
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Prophylaxis 

When a person is bitten by a dog suffering from or suspected of 
rabies, the first step is the thorough cleaning of the bite wound with soap 
and water. The puncture wounds should then be thoroughly dried and 
cauterised with concentrated nitric acid applied with a capillary pipette; 
after a few moments a solution of sodium bicarbonate should be applied 
to neutralise the acid. 

If the risk of rabies is great, as happens when there is a high prob- 
ability that the animal concerned is rabid, and there are multiple bites 
on the head, face, neck or arms, immediate action is nec^sary and 
passive protection should be given at once by injecting hyper-immune 
horse serum or the gamma globulin obtained from it. The dW of the 
serum is 0-5 ml. per kg. body weight and that of the gamma\globulin 
is at least 40 International Units (1 I.U. = 1 mg.) per kg. body weight. 
This injection must be followed by a minimum of 10, and preferably 14, 
injections of vaccine to stimulate active immunity; this is necessary 
because passively injected antibodies have a suppressive effect in the 
early stages of the development of antibodies by the patient himself. 

Various vaccines are used to confer active immunity. One type in 
general use in many countries is the Semple vaccine which contains a 
4 per cent, suspension of the brain of rabbits infected with the “fixed” 
rabies virus inactivated by 0*5 per cent, phenol. A number of similar 
vaccines prepared from infected rabbit or sheep brain are also used and 
inactivation is achieved by ultra-violet light, formalin or other agents. 
Vaccines of this type suffer from the serious disadvantage that the 
nervous tissue they contain may sensitise a small proportion (1 in 4,000 
to 1 in 10,000) of persons being immunised who later may develop an 
encephalitis. In order to avoid such “neuro-paral)rtic accidents” other 
types of vaccines containmg no nervous tissue have been developed. 
One such vaccine now on trial is the “Duck” vaccine which is prepared 
from cultures of the “fixed” virus in duck embryos inactivated with beta- 
propiolactone. 

Attenuated strains of the living virus have also been developed and 
have been used in extensive trials. Of these the Flury low egg passage 
(LEP) strain, which has been carried through 40-60 egg passages, is 
now the virus used in the standard vaccine for the immunisation of 
dogs. A high passage strain (HEP) has been carried through more than 
180 egg passages and is further attenuated to a degree where it can be 
used safely in man with a good antibody response (Fox, 1958). 

In 19^ the W.H.O. Expert Committee made tbe following recom- 
mendations for protection against rabies: — 

(1) For severe exposure in a non-immunised person — ^h 3 rperimmune 
serum or gamma globulin followed by at least 10 injections of a 
vaccine. (The dose of the Semple vaccine is 2*0 ml.) 

(2) When the exposure is not severe, or when the patient is seen 
for the first time seven days or more after the incident and no 
serum has been given — a course of 14 doses of vaccine. 
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(3) If the patient has received vacdne within the previoxis 15 years 
— ^two doses of vaccine spaced 7 days apart. If the interval is 
longer than 15 years a full course of 14 injections is needed. 

(4) For prophylactic inoculation of those likely to be exposed in 
the future — ^five doses at monthly intervals of a vaccine, prefer- 
ably not containing nervous tissue, are advised with booster 
doses spaced one to two years apart. 

In Great Britain these immunising procedures are only required for 
returning travellers who have been exposed to the risk of rabies while 
abroad or for workers in quarantine establishments. Their use is 
contra-indicated for patients who could not have been exposed to any 
real risk of rabies. 


INFECTIOUS WARTS 

Warts occur so frequently that they constitute one of the most 
familiar of the virus infections of man. Although they vary considerably 
in shape, size, location, and age preference, the majority fall into two 
t)rpe8. The first type comprises the common wart, Verruca vulgaris 
which usually takes the form of n^ultiple, sessile, discrete, rounded 
papillomata on the hands, around the nail folds of the fingers, or on the 
wrists. The second type, the plantar wart or Myrmecia (ant hill) 
occurs on the soles of the feet and the palms of the hands, where its 
appearance is modified by pressure, so that it is flattened, and situated 
deep in the cutis, with a domed surface (Lyell & Miles, 1951). It is not 
yet decided whether these two types are spread by the same or different 
viruses. Another group is formed by genital warts, Condyomata 
acuminata, which are small, rough, fungating outgrowths, often ped- 
unculated, situated on the prepuce and the coronal sulcus of the penis 
or on the labia and around the vulva. A small proportion of genital 
warts undergoes malignant change. Laryngeal warts may be small and 
flat or pedunculated. 

Properties of the virus. — ^The virions are 55 m/x in diameter and have 
an icosohedral symmetry with 42 capsomeres on the surface. The 
nucleic acid is DNA. The virus resists ether and heat for 30 mn. at 
50° C. It is now placed in the PAPOVA group together with the 
related polyoma virus of mice, the vacuolating agents of monke 3 rs 
{e.g. SV 40), and the rabbit papilloma virus. 

Cnttioatibn.— There have been a number of reports that the virus 
produces a cytopathic effect in primate cells in tissue culture but (here 
has been no confirmation that virus reproduces under these Conditions. 
The infection is not readily transmissible to animals but lesions have 
been produced with suspensions of wart tissue inoculated into the 
vagina of bitches. Bacteria free filtrates of wart tissue inocu^ted into 
the skin of human volunteers produce warts after an incubation period 
of ifix weeks to ei^t months. 

— ^The source of infection is the infected blood or 
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tissue shed from a damaged wart. Spread may occur directly by self- 
inoculation as in scratching or in the case of genital warts during sexual 
contact. Indirect spread is frequent and the virus enters through abra- 
sions of the skin from contaminated fomites such as the instruments of 
barbers or chiropodists, the floors or towels of bathrooms, swimming 
baths, and communal washing places. Histologically, the essential 
feature of any human wart is the proliferation of the Malpighian layer of 
the skin. The appearances are extremely variable but in the case of 
Verruca vulgaris they are those of the epithelium covered papillae arising 
from the deeper layers of the epidermis and protruding to form the bulk 
of the wart. Inclusion bodies are present in only a small number, about 
4 per cent., of these lesions. In Myrmecia the epithelial proliferation 
is accompanied by considerable hyper-keratosis. Intra nuclelu: eosino- 
philic inclusions of Cowd^ type B are present in 43 per centl of warts 
of this type. Electron microscopical studies of thin sections! of these 
warts have shown virus particles arranged in a crystalline lattice in the 
nuclei of the rete cells. 

A great many warts, perhaps 50 per cent, or even more, disappear 
spontaneously and thus it is extremely difficult to assess the value of the 
many remedies advocated. If warts occur in inconvenient situations 
they may be removed surgically or destroyed by measures such as 
cautery, the application of liquid nitrogen, solid carbon dioxide, or 
deep X-rays. 


FOOT-AND-MOmH DISEASE 

Foot-and-mouth disease is a highly contagious condition of cattle, pigs, 
sheep, goats and deer. It is characterised by vesicles on the feet and in the 
mouth along with constitutionai symptoms of infection. The disease may 
also occur naturally in the hedgehog. The infection spreads rapidly among 
farm animals, and large epizootics are the cause of much economic loss in 
many parts of the world. 

The Properties of the Virus , — ^The diameter is 20-35 mp, and the shape is 
roughly spherical or hexagonal. The nucleic add is RNA. It is classified 
as a picorna virus (see p. 71). 

Host Range and Cultivation . — ^The virus grows in cultures of bovine, pig, 
and sheep kidney cells, in embryonic guinea-pig tissues and in suspended 
cultures of bovine tongue epithelium. Strain* have been adapted to growth 
in chick embryos by intravenous inoculation. Cattle, guinea-pigs, sudding 
mice, hamsters and new born rabbits are all highly susceptible. Humm 
infections are rare and only a very small number of cases are recorded in 
which adequate virological proof of the nature of the infection was established. 

Viability . — ^The virus is one of the most stable known, and its ability to 
survive dr^ng for several weeks or even months on hay or other matei^ 
is re^nsible for the great facility of its spread in the field. The virus 
is resistant to ether, alcohol, chloroform, bile salts and heat for 30 min. at 
56° C. It is readily destroyed at pH values below 6 and above 10. Immersion 
of infected tissue fragments, e.g. bovine tongue epithelium, in neutral 
glycerol saline at 4° C. preserves Its infectivity indefimtdiy. 

Antigenie Characters.— There are seven recognised antigenic types of the 
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virus which have been differentiated by neutralisation tests in or 

tissue cultures and by complement-fixation. Three types are primarily 
European and are designed O (Oise), A (Allemagne), and C. Three South 
African types are called SAT 1, 2 and 3 and the seventh is known as Asia 1. 
A large number of variants of these strains has been recognised. 

Pathogenesis, — Foot-and-mouth disease is spread from animal to animal 
by means of saliva which contains large amounts of the virus, llie disease 
is highly contagious, and saliva and faeces contaminate the environment so 
that it spreads with great rapidity within a herd. After an incubation period 
of 24-48 hours a viraemic pha^ follows. The disease declares itself with 
fever, drooling of saliva, and the appearance of vesicles on the mucous 
membranes of the mouth, muzzle and feet. Foot-and-mouth disease is 
notifiable in Great Britain, and its importance is not on account of its ability 
to kill but by virtue of the loss of flesh, reduction of milk yield and loss of 
export value. Pigs, sheep, goats, deer, antelope and other ruminants are 
all subject to infection. 

Epizootiology , — The foot-and-mouth disease virus is often introduced to 
a herd from far-distant parts. The viability of the virus makes it possible 
for it to be carried alive long distances in infected meat or on contaminated 
fomites. Migrating birds (especially starlings) have been thought to carry 
the virus, and there is some evidence to suggest that from time to time they 
have brought the infection to Great Britain from Belgium and the Low 
Countries. Pigs have frequently contracted the infection from eating swill 
containing infected fragments of meat imported from South America. 

Laboratory Diagnosis , — Infected tissues (preferably bovine epithelium) 
from cases, especially when new types or subtypes of the virus are suspected,, 
should be sent immersed in glycerol saline to the World Reference Labora- 
tory, Animal Diseases Research Institute, Pirbright, Surrey, England. 

Control , — In countries where the disease is not endemic, as in Great 
Britain, quarantine, slaughter of infected animals and their contacts, and 
disinfection of contaminated premises have proved both efficient and econ- 
omic. In endemic areas vaccination is widely practised. A formol inactivated 
virus adsorbed to alum forms the most generally used vaccine but more 
recently living virus attenuated by cultivation in eggs, or mice, has given 
encouraging results. 

For fuj^cr information on the virus of foot-and-mouth disease the 
reader should consult a review by Brooksby (1958), 


VESICULAR STOMATITIS 

The disease occurs naturally among cattle, horse and swine. The disease 
is not a serious one, but because of the ve^cles that occur in the mouth and 
on the tongue is easily mistaken for foot-and-mouth disease. The virus is 
antigenicaUy distinct from the foot-and-mouth disease virus and is larger, 
being rod-shaped (170 x 70 m/i) with an internal core composed of a 
helix. The nucleic acid is probably RNA. It can be cultivated without 
difficulty in the chick embryo and in monolayer cultures of chide, ot and pig 
tissues, where it has a cytopathic effect The vesicular stomatitia g^vea 
plagues in monolayer culture of ox embryo kidney. There are two iminuno- 
logically ffistinct strains. The virus has the same degree of ledatattce to 
physical and chemical agents as tite foot-and-*inouth diseaae virus. The 
disease is mild, and drastic control measures are not required. 
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VESICULAR EXANTHEMA 


This disease occurs naturally only in pigs and, like foot-and-mouth 
disease, is characterised by vesicles on the mouth and feet* Cattle are re- 
sistant to the infection and the virus is only mildly pathogenic to horses. No 
lesions are produced in the foot-pad of the guinea-pig, a finding which 
differentiates the vesicular exanthema virus from those of vesicular stomatitis 


and foot-and-mouth disease. The virus is classified as a picorna virus and 
resembles the foot-and-mouth disease virus (q.v.) in its physical and chemical 
properties. It can be cultivated in tissue cultures of the skin, kidney or 
embryo of swine, dog, horse and cat with plaque production. Antigenically 
there are probably at least seven immunologic^ types. I 


The Susceptibility of Animals to the Vesu^ar Viruses 


Susceptible Foot-and-Mouth 

Animal Disease 

Pig ... . -h 

Horse .... — I ± I + 



SWINE FEVER 

Swine fever is a highly contagious disease of pigs and is responsible for 
considerable and world- wide economic loss. The animals show fever, apathy, 
vomiting, eye-discharge, diarrhoea, and cutaneous haemorrhages with a high 
mortality. 

The virus is a small one, probably 25-50 m/i in diameter. It is very 
stable and survives moderate heat and freezing well, persisting for long periods 
in cured ham, pickled pork, or garbage. The virus grows well in tissue 
cultures of swine kidney testis or bone marrow, and in leucocytes of the 
*‘bu^ coat” of pig blood. The cytopathic effect is however minimal. Some 
strains have been adapted to growth in duck and chick embryos. Antigenic- 
ally only one type has been reported but variant strains occur from time 
to time. 

Pathogenesis . — The natural mode of infection is by ingestion and very 
minute quantities of the virus will produce the disease in susceptible swine. 
Eye and nasal secretions, urine, faeces, and blood from an infected animal all 
contain the virus. The outstanding pathological changes are petechial 
haemorrhages on serous ^rfaces, haemorrhages into bladder, kidney and 
epicardium, haemorrhagic lymphadmiitis and leucopoenia. Cases with 
secondary bacterial infection may show severe enteritis. Pigs that have 
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recovered may remain infective several months; wild pigs are an important 
source of the virus. Transmission is often by way of infected swill containing 
scraps of contaminated pork. The virus may resist pickling, smoking and 
salting for up to six months though it is rapidly destroyed by putrefaction. 

L^oratory diagnosis depends on the demonstration of the presence of the 
virus using mown susceptible pigs. An agar gel diflpusion test is also useful 
as an aid to the diagnosis of swine fever; pancreatic tissue from infected pigs 
contains a soluble antigen which will precipitate with serum from hyper- 
immunised pigs. Swine fever virus shares a common precipitating antigen 
and common antibodies with mucosal disease viruses of cattle. Some strains 
of the mucosal disease complex will protect pigs against swine fever and 
hyperimmune sera from pigs contain antibodies that neutralise both viruses. 

Matumoto et al. (1961) described an in viiro method for the detection and 
measurement of swine fever virus, and also of antibody, and the uses of the 
test for diagnosis in outbreaks. It depends upon the absence of CPE of the 
swine fever virus when sown on swine kidney cell tissue culture in monolayer, 
even though it is actively multiplying. In the same tissue culture, Newcastle 
disease virus hardly grows and is not cytopathic as long as it is sown within 
the first five days of the growth of the pig kidney cells. However, in such a 
tissue culture, previously sown with the virus of swine fever, Newcastle 
disease virus multiplies and is cytopathic, even when sown on the third day 
of tissue culture growth. The test is spoken of as “exultation** of Newcastle 
disease virus and is named the END test. 

Prophylaxis . — ^Passive immunisation using hyperimmune serum is valu- 
able when the disease appears in a herld. For active immunisation several 
vaccines are in use. Virus inactivated with gentian violet is extensively and 
successfully used in one vaccine. Living viruses attenuated by passage in 
rabbits, goats, or in tissue culture of swine kidney give much promise but 
there is doubt as to whether their use is followed by abortions or malformations 
in the litters. 
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CHAPTER 38 


THE PSITTACOSIS, LYMPHOGRANULOMA, 
TRACHOMA GROUP OF “VIRUSES’* 

The properties of these agents are so different from those of true viruses 
that there is considerable dispute as to their taxonomic position; many 
authors prefer to classify them with rickettsiae even though they have 
no arthropod vectors. The organisms have been shown by Perkins 
and Allison (1963) to possess cell walls which resemble those of bacteria 
and rickettsiae in that they owe their rigidity to a mucopeptide which 
contains the amino sugar muramic acid as a key constituent. The 
characteristic sensitivity of the group to penicillin, other antibiotics and 
lysoz)rme is due to the ability of these substances to inhibit the synthesis 
of cell wall mucopeptides. All the members of the group take Castaneda 
and Macchiavello stains in the same way as rickettsiae. The inclusion 
bodies produced are intracytoplasmic and basophilic; they consist of 
deoxyribonucleic acid-containing particles set in a matrix which is 
composed of glycogen and ribonucleic acid. They have a complex 
cycle of reproduction which terminates in binary fission of the particles 
and all share a common heat stable antigen. Certain members of the 
group cause the haemagglutination of red blood cells. In the case of 
the psittacosis virus mouse and hamster erythrocytes are agglutinated 
but not those of man or fowls. The haemagglutinin is smaller than 
the virus itself and is composed of lecithin and nucleoprotein; it does 
not react with the receptor areas for the myxoviruses. 


PSITTACOSIS 

Psittacosis is an epizootic disease of birds which may affect man. 
Psittacine birds such as parrots, parakeets, cockatoos and budgerigars 
are natural hosts of the infection, and pet birds of this type have often 
been the source of human infections. Ducks, pigeons, turkeys, fulmars 
and certain species of gulls are also affected, and in these hosts the 
disease is known as ornithosis. 

In birds the disease is characterised by diarrhoea, emaciation and a 
purulent nasal discharge. Man is infected by inhaling dust which is 
heavily contaminated by exudates from affected birds. The resultant 
illness is pneumonic in type and in untreated cases may be severe widi a 
20 per cent, mortality. Often, however, the illness is mild and resembles 
an attack of influenza. He may suffer a mild feverish illness or, more 
severely, a patchy bronchopneumonia which usually involves the bases 
of the lungs. The carrier state may persist in the birds for many 
iHonths and h uman cases have not infrt^ently been traced to ajiparently 
healthy birds which were lat^roved to have harboured the virus. 

Propertia of ihe F&itf.— -T m mature elementary bo<fy is a sphere 
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about 250 m/t in diameter; it stains blue with Castaneda’s stain. Under 
the electron microscope the particle is seen to be covered with a mem- 
brane like a cell wall, and to have an irregular surface; the appearance 
has been likened to that of a wrinkled pea. During reproduction the 
virus passes through a regular sequence of morphological changes. On 
entering the cell cytoplasm it gives rise, after a few hours, to a vaguely 
defined mass seen only in ultra-thin sections under the electron micro- 
scope. After eight or nine hours a basophilic inclusion appears and 
increases in size as time passes. Within the inclusion a few large 
particles about I'O /lc in diameter appear and these divide and subdivide 
by binary fission to give rise to large numbers of mature elementary 
bodies. The final effect is that the parasitised cell disintegrartes and the 
virus is liberated into the intercellular spaces. \ 

The psittacosis virus is inactivated in 10 min. by heat \ at 60° C. 
and OT per cent, formalin and 0-5 per cent, phenol kill itUn 24 hr. 
Yolk sac suspensions of the virus are inactivated in 30 min. oy 10 per 
cent, ether. Stored in M/50 phosphate buffered saline at pH 7-6 at 
4° C. the virus remains viable for two to three weeks. It is best pre- 
served at — 70° C. when it retains its activity for several years. Potency 
is lost rapidly if glycerol is used as a preserving solution. Penicillin 
and the tetracyclines interfere with the growth cycle and cause the 
production of abnormal developmental forms within the cell. The 
virus is not sensitive to streptomycin and only a few strains are in- 
fluenced by sulphonamides. 

Culture . — The virus grows most readily in the cells of the yolk sac of 
six- to eight-day-old chick embryos and in the peritoneal cavity and 
spleen of mice. Inoculated on to the chorio-allantoic membrane it 
produces a slight generalised thickening with oedema. Chick embryos 
die within four days of inoculation and mice in four to six days. Intra- 
nasal instillation of the virus in mice causes pneumonia, and intracerebral 
inoculation a fatal encephalitis. 

The virus of ornithosis resembles that of psittacosis very closely and 
it is distinguished mainly by its pathogenicity for certain laboratoiy 
animak in which it is nearer to the lymphogranuloma virus. There is 
evidence to suggest that the ornithosis virus possesses a type-specific 
antigen. 

The lethal'effect of these viruses may be due in part to an endo- 
toxin, for large doses may kill the host before there has been time for 
the virus to multiply. Latent infection in psittacosis and ornithosis 
may be common; it is known that the virus may fail to reproduce 
within the cells of tissue cultures grown in nutritionally poor medium. 
Multiplication resumes when a satisfactory medium is provided. 

These viruses have been adapted to grow in tissue cultures and have 
been propagated in the “L” strain of mouse fibroblasts, HeLa and 
HEp2 cell lines, as well as in human and mouse Uver cells and chick 
embryo cells. 

AMigemc Structure , — A heat-labile antigen is thought to be specific 
for the psittacosis virus itself; it is readily destroyed by heat at 60° C. 
ami by phenol, adds, and papain. A second antigen is remarkably 
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resistant to heat and resists boiling or even autoclaving at 135“ C.; 
since it also resists proteolytic enzymes but is destroyed by periodate 
it is probably a carbohydrate. This antigen is shared by all the members 
of the virus group and is employed in the diagnostic complement- 
fixation reactions in general use. The antibody to this common antigen 
is not protective. 


Laboratory Diagnosis 

Human Infections . — The sputum, which contains the virus during 
the first few days of the infection, is emulsified in Hanks’ solution 
containing no antibiotics. Treatment of the specimen with sulphon- 
amides or penicillin is contra-indicated. The suspension is spun in 
the centrifuge at 1000 r.p.m. to deposit cells and debris. Inoculate 
four to six mice intaperitoneally with 0-5 ml. of the supernatant. If 
the psittacosis virus is present, some or all of the mice will die seven to 
ten days later and will show a glairy peritoneal exudate, and enlaige- 
ment of the spleen and liver. Films of the peritoneal exudate and 
impression smears of the spleen when stained with Giemsa’s or Cas- 
taneda’s stains show t 3 rpical virus inclusions and clusters of elementary 
bodies. To confirm the diagnosis a 10 per cent, suspension of the 
infected mouse spleens in Hanks’ solution should be passed to further 
mice and an attempt should be made to protect some of these with an 
immune serum. 

If the mice inoculated with human material survive for 10 days, 
they should be killed and the spleens examined microscopically for 
virus. If no virus is found, an emulsion of the spleens is injected 
intraperitoneally in four to six mice. If the animals of this second 
passage show no sign of disease the case is presumed negative; if they 
die, they are examined as above. 

Eggs may be used as well as mice to isolate the virus, but often the 
sputum and the contained bacteria are so toxic that the embryo dies 
before the virus has time to multiply. Streptomycin added to the 
sputum suspension in concentrations up to 2000 jug. per ml. may be 
used to overcome this difficulty. 

The sputum suspension in a dose of 0*1 ml. is inoculated into the 
yelk sac of six- to eight-day-old embryos. If the virus is present, the 
embryos will die three to four days later. Impression smears of the 
stalks of the infected yolk sacs should be stained by Castaneda’s or 
Macchiavello’s stains and examined microscopically for clusters of 
virus elementary bodies. Care is required to distinguish the vinM from 
yolk sac granules which, however, are irregular in shape and size and 
are usually larger than the virus. 

Serological confirmation of the diagnosis is obtained by the comple- 
ment fixation test using the heat stable antigen. Serum samples are 
^en early in the disease and 10-14 days later. A four-fold or griatcar 
increase in titre provides firm evidence of infection. The sini^ 
observation on a convalescent case of a serum titre of 32 or higher is 
highly suggestive of recent infection. 
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Avian Infections. — Great care must be taken by laboratory workers 
in handling dead birds and in performing the post-mortem examina- 
tion, for the material is highly infective. The procedure is to remove 
the spleen and to prepare an emulsion from it. Mice and eggs are 
inoculated in the same way as for sputum from the human case. 

If the birds have recovered, blood may be taken from the wing vein 
and a complement fixation test carried out. Positive reactions should, 
however, be interpreted with caution because psittacine birds and 
pigeons frequently have low levels of antibodies. 


LYMPHOGRANULOMA VENEREUM 

{Lymphogranuloma inguinale or Climatic bubo) 

This disease is transmitted by venereal contact. After ^ incuba- 
tion period of three to twenty-one days a small primary sore appears 
taking the form of a papule which becomes vesicular and then breaks 
to leave a shallow ulcer; in the male it may be situated on the glans 
penis or in the urethra, causing urethritis; in the female the vaginal 
wall or the cervix uteri are the common sites. The virus spreads from 
the primary site to involve the regional lymph nodes, where an in- 
flammatory reaction and suppuration begin to develop about two 
weeks after the appearance of the primary sore. In the male, suppura- 
tion of the inguinal glands gives rise to a bubo, from which it is possible 
to aspirate pus. In the female, the lymphatic drainage carries the virus 
to lymph glands within the pelvis and inguinal buboes do not occur. 
As a late result of chronic inflammatory processes in the perianal tissues, 
rectal stricture, granulomatous involvement of the vulva, and ele- 
phantiasis of the genitalia may result. 

Properties of the Virus. — The virus is a typical member of the 
psittacosis group. In morphology, viability and susceptibility to chemo- 
therapeutic agents it resembles very closely the psittacosis virus. 

Culture. — ^After adaptation, the virus grows abundantly in the yolk 
sac of developing chick embryos. Usually the embryos do not die 
until seven to nine days after inoculation. It will multiply in the mouse 
only after intracerebral inoculation and does grow in the peritoneal 
cavity. It does not infect birds. 

Laboratory Diagnosis 

Isolation of the virus may be achieved by the inoculation of pus from 
the bubo into the yolk sac of six- to eight-day-old chick embryos and by 
the inoculation of mice by the intracerebral route. If the pus is con- 
taminated with bacteria it may be treated with streptomycin at a 
concentration of up to 2000 pg. per ml.; penicillin, tetracy^nes and 
sulphonamides should not be used for tiie purpose as they may kill the 
virus. 

Complement Fixation Tests are carried out using a heated antigen 
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prepared from infected yolk sacs in the same way os for psittacosis. 
The test becomes positive two to fom weeks after the onset of the 
infection. A titre of 32 or higher in a clinically acceptable case sti^gests 
active infection, but better evidence is obtained if a significant rise in 
titre can be demonstrated during the course of the duease. False 
positive reactions may be given by syphilitic sera. 

Fret Test . — ^Patients wi& lymphogranuloma venereum reaitt dlergH> 
ally when inactivated virus is inocidated intradermally. The antigen 
is prepared by phenolising a purified virus suspension firom infected 
yolk sacs.^ Originally pus from the bubo suitably diluted and in- 
activated at 60° C. was used for the purpose. The test is carried out 
by injectii^ 0*1 ml. of the antigen intracutaneously into one arm and a 
similar amoimt of control material from normal eggs into the other 
arm. A positive reaction takes four days to reach its maximum and 
consists of an area of erythema with a central indurated papule at least 
7 mm. in diameter. Minor reactions, especially if accompanied by any 
change in the control inoculation, should be disregarded. 

The Frei test remains positive many years after the active infection 
has subsided. Like the tuberculin reaction it is an indication that 
infection has, at some time, taken place. The test is positive when 
infection has been due to other members of the group and depends on 
hypersensitivity to the heat-stable aijitigen. The Frei test, uerefbre, 
is not specific for lymphogranuloma venereum. Barwell (1952) has 
shown, however, that if an acid extract of the virus is injected intra- 
dermally a reaction occurs which is specific for the lymphogranuloma 
virus. 

Tetracyclines and, to a lesser degree, sulphonamides are effective 
as therapeutic agents. 


TRACHOMA 

Trachoma is a severe form of kerato-conjunctivitis which frequentiljr 
damages the eye permanently, and causes blindness. It is higmy pitt- 
valent in the East, the Middle East, Africa and parts of South Ametidll 
and occurs also in Eastern Europe. The infection is due to a virus of 
the psittacosis group and is spread from eye to eye directly by finge#- , 
and also by flies. The incubation period in human capertmental 
infections is 4-7 days but under natural comhtions it is probwly lor^^er. 
Secondary bacterial infection is present at all stf^;es of the infection and 
plays an important accessary part in tissue dam^. 

Trachoma usually begins insidiously with some swdling and graim- 
larity of tiie upper eyelids, a variable amount of muco-puruknt <fia- 
charge and a preauricular ad^tis. FoUicles are soon fiotoMd in tire 
conjunctivae and within a few wedcs the condition jpasses to a dnunk 
stage of kerato-conjunctivitis, wh<m the cornea is mvadtd by mflatn- 
"^tory tissue winch Utter bMomes vascularised. The tficatti^ tUsot 

^ AvaflaUa ceinincrtia!i)r u ’’Lygnmun" (Sqiidbb). 

2h 
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fonned may impair vision and distort the eyelids. The recent devebp. 
numts in ^ study of die trachoma virus are described by Bemkopf 
(1962). 

Properties the Fsrui.— The elementary bodies are 0’2-B‘6 n in 
diameter, and electron microscopically have ^e “wrinkled pea” appear* 
ance of the psittacosis-lymphogranuloma group. Larger forms up to 
1*5 It in diameter are also seen. They are stained blue by Castaneda’s 
stain and red by Macchiavello’s stain. 

The virus multiplies within the c}rtoplasm of the epithelial cells of 
the conjunctiva and passes through a cycle of morphological changes 
closely similar to that of the psittacosis virus (Armstrong; Valentine 
& Fildes, 1963). The first sign of infection is the appe^ance of an 
“initial body”, a basophilic inclusion 0*3-0'8 ft in diameter. \ This body 
divides by ^ion and as the particles increase in number twy become 
smaller and more acidophilic. The mature inclusion consists of a mass 
of elementary bodies which are stained purplish by Gienua’s stain; 
they are set in a matrix composed of glycogen. In the final stage of 
development the inclusion bodies often entirely replace the C3rtoplasm. 
Many different shapes and sizes of inclusions may be seen; they are 
usually known as Halberstaedter-Prowazek bodies and on their detection 
depends the confirmation of the clinical diagnosis. They are found 
most frequently in scrapings of the conjunctiva of the upper lids taken 
in the earlier phases of the disease. 

The infection has been transmitted to human volunteers and to 
baboons. The virus can be cultivated if infected comeal scrapings are 
treated with streptomycin at a concentration of 20,000 fig/ml. (Sowa k 
Collier, 1960) to destroy bacterial contaminants and inoculated into 
the yolk sac of five- to seven-day-old chick embryos. Death of the 
embryo occurs irregularly during Ae first passages but later occurs five 
to seven days after inoculation. Virus cultured in this way has the 
t 3 q>ical morphology of the group and is infective when introduced into 
the cornea of human volunteers. Some strains (e.g. the T’ang strain) 
of the trachoma virus have been adapted to grow in the FL line of 
human amnion cells and in HeLa cells. 


Laboratory Diagnosis 

Filins of the conjunctival exudate are unsatisfactory and it is 
essential to make smears of scrapings of the conjunctival epithelium on 
glass slides. For preliminary screening a dry un^ed film is stained for 
two min. with 5 p^ cent, (w/v) iodine in 10 per cent, potassium iodide. 
On examination with die ^ in. objective inclusion bodies are seen as deep 
orange-brown masses against a dear badeground of (yte^lasm. The 
nature of die indusiom can be confirmed by deooburising the fiilm with 
ahsohite methyl alcohol which acts as a irndve before staining with 
Giemsa (Gilkes, Smith & Sowa, 1958). Fresh films ttay also be fixed 
for ten minutes in methyl alcohol and stained overnight with a 1 in 10 
solution of Giemsa’s stain. A search is then made for die basophilic 
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Sa]berstaedt»-Pr<nea*dt indusioos. Immune-fluorescent stsUung bjr 
the indirect o^od using ft serum with a hig^ titre of antibodies ftfsinat 
the group antigen of the psittaocds group of viruses can be used td a 

• s iiS— 


In the complement-fixation reaction an unheated, purified antigen 
is more effective than the group antigen in measuring antfljody levds 
(Woolridge & Grayston, 1962). A neutralisation test unng the virus 
grown in HeLa cells may also be used to estimate antiho(fy levels in 
sera (Reeve & Graham, 1962). 

Sulphonamides and tetracyclines are very valuable in the treatment 
of trachoma. 


INCLUSION CONJUNCTIVITIS 

A virus closely related to the trachoma virus causes inclusion 
blenorrhoea of the newborn or in adults; the inflammatory reaction is 
unlike that of trachoma in that it is more intense in the lower eyeUds. 
The virus also causes urethritis and cervicitis in adults. 

It is yet to be decided whether the virus of inclusion conjunctivitis, 
is a separate entity or whether it is a trachoma virus of low virulence. 
These two agents are sometimes referred to as the “TRIG” viruses. 

The properties of the virus ate those of the psittacosis-lympho- 
granuloma group: the inclusions formed in the epithelial cells are 
basophilic with a glycogen matrix and are indistinguishable morpho- 
logically from those of trachoma. When transmitted to human volim- 
teers a severe conjunctivitis results, but there is no subsequent scarring 
or paimus (Jones & Collier, 1962); when inoculated into apes, a severe 
mucopurulent conjunctivitis is produced. The virus can be isolated 
from infected epi&elum by the inoculation of the 3 rolk sac of duck 
embryos and has been cultured in this way in series and in quantity. 

Laboratory diagnosis is made by the examination of smears of 
corneal scrapings in the same way as for trachoma. 

Epidemiology . — ^The reservoir of the infection is the human genital 
tract and ^e virus is spread by venereal contact. The virus mxf be 
present in cells without apparently causing any sy^toms, for it hfts , 
been ^tected in smears of the transitional epithelial cells just wkhin ’ 
the os uteri of apparently healthy women. In Ae n^e it has been found 
to be associated with a mild purulent urethritis. A propoitkaa of 
cases of non-gonococcal ("non-specific") uretiuitis are due to infection 
with this virus. The disease has been known in the past as "swimming 
bath conjunctivitis" from the fact that many cases have occurred in 
bathers. It is probable that tiie water may have been infected by tibe 
dischaign 6om tiie genital tracts of infected persons. 

The virus may be trananitted from the cervix uteri to the bd»y^^ 
at bir^ giving rile to a severe, acute, mucopurulent omdtumtivtm 
(“indusion blenorrhoea"). There is, however, no comeal ulceraidmt 
and the lesions afowly heal mthout scarring. TherimywithtetiMydhiM^ 
or is cffscttw* 

For a valuabie survey of the "TRIC’ viruses see Jawete 
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Cat Scratch Disease 

Cat scratch disease is characterised by fever, malaise and adenitis. The 
primary lesion is usually a cat scratch or bite often developing into a cutaneous 
pustular lesion and followed by a marked adenitis and bubo formation. Mere 
contact with a cat, however, has sometimes been thought to cause the infec- 
tion and has been followed by marked adenitis. Clinically the disease 
resembles many other infections of lymph glands especially lymphogranuloma 
venereum. 

The disease is thought to be due to a virus and elementary bodies of the 
psittacosis t 3 rpe are said to have been found in stained preparations of pus. 
Monkeys have been infected by the inoculation of the pus and develop 
nodules at the site of injection and a lymphadenopathy. 

In man the diagnosis depends on the use of an intra dermal te^ with 
antigen prepared from pus from a lymph gland of an undoubted clinical case. 
A positive reaction consists of a firm papule 0‘5-l*0 cm. in diameter Within 
forty-eight hours of inoculation. Although the results of such tests ^pear 
to indicate that the antigen is specific, positive reactions should be interpreted 
with caution, since they may occur in normal people presumably as the 
result of previous undiagnosed infection. It is not yet clear whether cat 
scratch fever is a feline disease transmitted to man (e.g. feline pneumonitis) 
or is an infection of which the cat is merely a vector. 


ENZOOTIC ABORTION IN EWES 

Abortion and premature lambing is frequent in fiocks on tick-free pastures 
in south-east Scotland and has been reported in New Zealand and Australia. 
The causative organism is a virus of the psittacosis-lymphogranuloma group 
(Stamp et al. 1950). 

Properties of the Virusr-^ln size, morphology and staining reactions the 
ewe at^rtion virus is indistinguishable from o^er members of the group. 
It can be cultivated readily in the yolk sac of the developing chidk embryo 
or on the choiio-allantoic membrane where it produces a marked generalised 
thickening. When injected intravenously into pregnant ewes a^rtion results, 
and when instilled intranasally in mice a pneumonia is produced. Cattle may 
be infected experimentally and abort, but the disease does not appear to occur 
naturally in bovines. The virus possesses the same heat-stable complement- 
fixing antigen that is found in all the other members of the group* 

Laboratory Diagnosis , — ^The gross appearances of the aborted placenta 
and membranes are similar to those seen in the bovine as a result of infection 
with Brucdia abortus. Films should be made from the diseased cotyledons, 
fmm the chorion, and from purulent discharges. On staining with Mac- 
chiaveUo’s or Castaneda’s stain, many clusters of virus elementary bodies can 
be seen within the cytoplasm of cells. The virus may be isolated by the egg 
cultivatton methods used for psittacosis; usually seven to eight days pass after 
inoculation into the yolk sac before the embryos die. 

Epidemiology , — ^/^ition and premature lambing are the only striking 
features of the infection and usually take place late in pregnancy, omn in the 
last two or three weeks of the gestation period. Hie infected membranes 
aiori disdiatges contain huge amounts of the virus and ate able to contaminate 
the pastures and lambing pens very hearily. Probably infected pastutes are 
the common source of infection. However, lambs bom of infected ewes 
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may survive and carry the virus in their tissues until maturity. When such 
animals are themselves fertilised they are frequently to abort and in 
one e^^riment 27 per cent, latnbed \rith infected foetal men(d>ranes(MdSwWi* 
Littlejohn & Foggie 1951). It is possible that the ewe abortion virus oocaidon- 
ally infects man; there is one case recorded of a laboratory wortet who 
contracted the infection. 

CcfUfoL — A vaccine prepared from formolised yolk sac cultures of the 
virus (McEwen, Dow & Anderson, 1955) precipitated with alum and sus- 
pended in mineral oil, has been shown to stimulate the production of virus- 
neutralising antibodies. The use of this vaccine by subcutaneous inocuhtion 
before service has proved highly effective in reducing the incidence of ewe 
abortion. 


Feline Pneumcmitis 

The aetiological agents responsible for the common forms of respiratory 
infections in the domesticated cat are ill understood. “Cat flu“ is a very 
common and highly contagious illness, and much remains to be done in the 
study of this condition. From some types of cases American workers have 
isolated a virus which has all the morphological and cultural characteristics 
of the psittacosis-lymphogranuloma group. The feline pneumonitis virus 
has a similar host range to the other members of the group and after infection 
neutralising and complement-fixing antibodies appear. The significance 
and the incidence of infections with this virus in felines in Great Britain has 
yet to be determined. 

Murine Pneumonitis 

Several viruses associated with pneumonitis in mice have been described. 
Nigg’s mouse pneumonitis was isolated from a healthy colony and has all 
the morphological and general characters of the psittacosis, lymphogranuloma 
group. Horsfdl and Hahn’s pneumonia virus of mice (PVM) ^ bc^ 
isolated from healthy mice as well as from patients with pneumonia. This 
virus agglutinates mouse and hamster red blood cells. The natural occur- 
rence of mouse pneumonitis viruses must be borne in mind when human 
material is inoculated. The instillation of sputum suspensions into Ae n^es 
of mice under ether anaesthesia may well activate a latent pneumonitis virus 
being carried by the animal. Furthermore, it is probable that mouse pneu- 
monitis viruses occasionally cause disease in man. 
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CHAPTER 39 


RlCKETTSIAEi COXIELLA^ PLEUROPNEUMONIA 
ORGANISMS; BARTONELLA 

Thb occupy a biologic^ position which » }iiten»e4hitte 

between that of the smaller bacteria and the largeic limsei* They 
resemble the fonner in that they are visible with the li^t mmroscope, 
are known to divide by binaiy fissioni have ceU walls which contain 
the amino sugar muramic aci^ and are susceptible to the action 
antibiotics. It is, however, undisputed that, like the viruses, they are 
obligate intracellular parasites. A further distinctive pn^r^ of 
rickettsiae is that they occur under natural conditions in the alimentary 
tract of such blood-sucking arthropods as lice, fleas, mites, and ticks. 
Some have no relationship to human disease, but others when trans- 
mitted to unnatural hosts, such as man, cause severe diseases. The 
typhus fevers are due to infection by rickettsiae of various q>edies 
and it is convenient to arrange these diseases according to the arthropod 
vectors which transmit them. 

1. Louse-bome typhus 

(o) Epidemic typhus Rickettsia prowazekU 

{b) Recrudescent typhus 

(Brill’s Disease) R. prmazekii 

(c) Trench fever R. quintam 

2. Flea-bome typhus 

Murine endemic typhus R. mooseri (R. typfd) 

Tabardillo 

3; Tkk-bome typhus 

(a) Rocky Mountain spotted fever 2?. rickettsii^ 

(ft) South African tick bite fever jR. rickety var. ^peri 

(c) Mediterranean fever R. comm 

(fiftvre boutonneuse) 

4. MiU-bome typhm 

(a) Scrub typhus 22. tsutsugamoM 

(Tsutsugamushi fever) 

(ft) Rickettsialpox ^ 

Mor^kgy and StawM».--Cocco-bacilU measuring spOKoimstdy 
0’3S fk in kngtih and 0*25 in width. They m desetflied as 
Gnun-na^tive though they arc only fiundy stained by watwyaoluti^ 
of aniline dyee. 'Ihw are, however, readily stained blue wim v^staMde 
or Giemsa’s stams; with Maechiavelto’s stain diey ajtpear red Sgaintt 
* hlue batAgrouad. Pkmnmrphism is frequent and the 
occur riftgly, in pure or short or as fit a m ente. Jt, pnanumoe 
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has a tendency to show slender filamentous forms whereas R. modseri 
shows shorter and broader rod-forms. Bipolarity with a suggestion 
of the presence of metachromatic granules is often evident in R, 
tsutsugamuM, In smears or sections of infected tissues^ dumps and 
masses of rickettsiae are often seen lying within the cytoplasm of 
endothelial and serosal cells (e.g. in the celk lining the tunica vaginalis 
in experimentally infected guinea-pigs). Under the electron micro- 
scope they appear to have a mucoid envelope^ a cell wall, and an 
electron-dense mass resembling a nucleus. 

Viability . — In general, rickettsiae arc easily destroyed by heat, 
drying and chemical disinfectants. They die within a few hours at 
room temperature but may be preserved well in glycerol saline at 0® C. 
or by freeze-drying emulsions of infected tissue suspended! in sterile 
skimmed milk. 

Under certain circumstances they may survive diying\for long 
periods and it is known that the dried faeces of lice and fleas x^y remain 
infective for months. 

Rickettsial growth is inhibited by chloramphenicol and tetrkcyclines 
which are effective therapeutic agents. Sulphonamides a^elerate 
the growth of the organisms, but para-amino-benzoic acid exerts a 
marked inhibitory effect and has been used with some success in 
treatment. 


Laboratory Diagnosis 

Cultivation . — The most satisfactory method for primary isolation 
is the inoculation of adult male guinea-pigs or mice. Whole blood or 
ground-up blood clot taken during the height of the patient’s fever is 
injected by the intraperitoneal route. The first signs of infection in 
the guinea-pig are seen after nine or ten days, when the animal’s tem- 
perature rises to 105° F. to 106° F. ; it remains above normal for four to 
eight days. If the animals are killed at the height of their fever rickettsiae 
can be demonstrated in Giemsa stained films of the peritoneal exudate 
and in impression smears from the spleen. Usually the animals recover, 
but R. tsutsugamushi is highly pathogenic and often kills both mice and 
guinea-pigs within a few days. Some members of the group may 
produce transient and very m^d infections. In the case of R. tmmm 
however, well-marked swelling and oedema of the scrotum occurs with 
inflammation of the tunica vaginalis. Stained smears from the tunica 
show intracytoplasmic rickettsiae in the serosal and endothelial cells. 
Those members of the group causing epidemic and endemic typhus 
feveiB are seen in clusters in the cell cytoplasm and those causing 
spotted fever are also seen within the nucleus. In human tissues the 
cdls most frequently infected are the endodhelial cells and the smoofo 
muscle fibm around small blood vesseb. It seems that rickettsiae 
grow best in cells whose metabolic activity is depressed by measures 
wh^ reduce the oxidative processes of the cell fa. j', a lowddfig d die 
tetiq»erature or a reduction of the oxygen tension). 
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All stiaint of rid^ttsiae can be cultivated in the yolk aac of thet^^ 
embryo. Uaing this method and incubating the eggs at 32° C. Idg 
yields of the organisms can be obtained for vaccine ptoducthm ot lor 
the preparation of serobgical anting. The method is only of limited 
value in primary isolation. Tissue cultures of mouse lymphosarconm 
cells (Bozeman et al., 1956) and rat fibroblasts (Schaechter, Bozeman 
& Smadel, 1957) can also serve as hosts for these organiraos. 

Antigemc Structure. — ^Each species of rickettsia posaassm its own 
specific antigens whidi provoke the production of homok^us anti- 
bodies. These antibodies can be measured by agglutination and 
neutralisation tests, but are more conveniently demonstrated by the 
method of complement fixation. In washed and carefully purified 
rickettsial suspensions only the type-specific antigens remain, and by 
demonstration of these it is possible to differentiate epidemic from 
murine typhus, and both of these from the spotted fevers. Fluoresc^ 
antibody staining offers a highly specific method which can be applied 
either to the estimation and identification of antibodies in sera (Gold- 
wasser & Shepard, 1959) or to the identification of the rickettsiae 
themselves in the tissues of ticks or animals (Shepard & Goldwasser, 
1960). Strains of R. tsutsugamuski are antigenically so heterogenous 
that the complement fixation reaction is of doubtful value in the diag- 
nosis of scrub typhus. There is also a soluble antigen which is group 
specific and is probably derived from the mucoid envelope of the 
organisms. It reacts with antibodies in the sera of cases of both 
epidemic and murine typhus though not with those from spotted fever. 
It must be emphasised that the antigens required for the specific 
complement fixation reactions are both diflxcult and expensive to prepare 
and that these tests are of necessity only carried out in a small munber 
of reference laboratories. , . 

The Weil-Fclix Reaction.— The Rickettsiae of epidemic, oideimc 
and mite-bome typhus and those of the spotted fevers contain in varying 
amnnnta an alkali-stable carbohydrate hapten which is shared by a non- 
strain of Proteus and some of its variants. This h^^ ia a 
somatic constituent of these bacilli, which are readily a^utinated by me 


sera of convalescent cases of typhus. _ .. . . t .. 

The reaction, first described by Weil Md Felix, is very simple to 
carry out of great practical importance in the diagnosis of ncketwal 
infectiona. By tiie end of the first vsreek of the illness in epu^c t^aw 
the titre of agglutinins for Proteus OX 19 has usually twAtsd a figure 
of 200 and a peak of 1000-5000 is reached at the end of the secoi^ 
week. The ag gh***™"* h> disappear a few monw wter i^vety 
and thus a ^tive Weil-Felix reaction is a usefid in^tion ^ lecent 
infection. Con^lement fixing antibodies peMist for 
periods and by providing evidence of past infecuon, tiieu: presrane 

enables a retrospeOive diagnose to be m^. thg 

The Wea-Felix reaction is perfor^ m the ?«»e maw as t^ 
Widal test except that an CHg^^le ^ 

is used as the agghttinias are of the 0 type. As 
revert to the Hwotto. it should be grown on dry agar, and subSmwea 
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imdefiomnoa-spwadmgsqwratecotonifiB.* 

at 50® C. for four hours and ovwiugirt tt 37 C.* 4ncr ntundi final 
tradings arc made. The results of the Weil*Fdix ttti ihouM be inter* 
preted strictljr in relation to the clinical findii^[S| for a positive reaction 
is occasionaUy observed in other diseases such as unduhnt fever, 
malaria, infectious mononucleosis and tuberculosis. ^ The ajsglutination 
reactions with this and other JProtcus suspensions in rKfioettsial iniec- 


tiona are shown in the table below. 






Proteus 



0X19 

0X2 OXK 

Epidemic 

Brill’s disease . . ; 

j- Louse-borne 

+ + + 
Usually 

± - 

negative — 

Murine typhus 

Flea-borne 

+ + + 

+ I - 

Tsutsugamushi fever 

Mite borne 

— 


Rocky Mountain spotted' 


+ + + 

+ + \ - 

fever .... 
Fiivre boutonneuse 

South African tick-bite 

■ Tick-borne 

+ + 

+ + 1 - 

fever . 


+ + 

+ + ' - 


Epidemiology 

Epidemic t]rphu8 fever, known also as Classical or European typhus 
fever, is caused by R. prowazekU. It is spread from man to map by the 
bite of the human body louse (Pediculus corporis) or more doubdiiUy 
by the head louse (P. capitis). Although potentially world wide, the 
location of the disease is now limited to the Balkans and the Middle 
East, North Africa, Asia, Mexico and the Andes. Lice become infected 
when they bite eidier patients suffering from typhus fever or carriers 
in whom the infection has persisted in latent form for many years. 
When the infected blood reaches the intestine of the louse, the ri^ettsiae 
invade the epithelial cells and multiply until the host cells distend and 
rupture. As a result, the faeces become heavily laden with the organ* 
isms and when they are discharged on the skin, the rickettsiae are readily 
introduced into foe human host through foe abrasions caused by 
scratching or through fi^h biting wounds. When standards of personiu 
hygiene are low and whm a considerable proportion of foe p(^ulation 
are infested with lice, typhus fever may assume ^idemic proportions. 
Sudi conditfons may arise in time of war, and if a reserve of the 
rickettsiae in foe form of a carrier of foe latent infection is introduced 
into foe community, typhus breaks out. The epidemic in Naples 
during foe Second World War began in this way, but was quiddy 
controlled by measures which were tricen against foe lice that were 
tiansnaitting foe infection. It was possible to ddouse the persons of 
the affected cranmunity as well as their dofoes, bedding and dwelling* 
phujes by the use of a residual insectioide DDT (di<folon>-diplMnyl- 

* A ftmdard cuqMaBtioa can be obtained from die CeaWel Pid^ Heslfo tAbof' 
atanr, Coliodele, London. 



«ttt»inixQtooir o» vbvsks 49} 

w rau% applied by being biomi 
throui^ ta uwumtor. The reault <rf pton^t and thoioiq^ nee of 
PDT the ^laenuc was cut short before it could s|>feadi 

throuj^t tiie whok dxy. 

Rudcettsiae rosy pereist aHve in the tiaaues of lecoveied pa*F*"V«« 
for as lon« as twenty years ^thout manifest ^loptoms. Occasionally, 
however, they beemne active once more and cause a recurresuse 
typhus fever often in an atypical clinical form. Recrudescent typinis 
fever is known as BrilTs disease. 

Murine typhus is caused by R. mooseri {R. ty^a) and is primarily a 
diseaw of rats, amot^t which it is spread by the rat flea {Xenop^Ua 
cheopts) and the rat louse {Polypax spinulosus). Occasionally me rat 
fleas carry the infection to man, and sporadic endemic typhus fever 
occurs. This disease is world wide and is most frequent in areas vdiere 
rat infratation is high. In Mexico it is known as Tabardillo, from the 
cloak-like distribution of the rash. The disease sometimes spread 
in epidemic form in man, but the vector responsible is not certainly 
known. 

Spotted Fever. Rocky Mountain spotted fever was first recognised 
by Ricketts in western Montana in America. The causative organism 
is R, rickettsii. Spotted fever also occurs in North Africa aloi^ the 
shores of the Mediterranean, where it is named “fiivre boutoimeuse” 
and is caused by R. conorii. In Kenya and South Africa similar infec- 
tions are due to R. rickettsii var. ^jperi and other rickettsiae. Spotted 
fever also exists in Mexico, Brazil and Colombia. The organisms ate 
transmitted by ticks usually of the Ixodidae family, e.g. Dermacentor 
andersom, a vector of Rocky Mountain spotted fever. Rickettsiae enter 
the human host either by the bite of the tick or through minute dsrasions 
such as may occur when an engorged tick is crushed in the fliers. 
Fresh tick faeces are infectious, but dried faeces, in contrast to those of 
lice in epidemic typhus fever, are non-infective. Nomudly R. rickettaae 
inhabit healthy ticks and are passed transovarially throughout the life 
cycle. Vertebrate hosts such as horses and dogs are occasionally bit^ 
by ticks and become for a time reservoirs of infection. Alter feeding 
on such animals, engorged ticks are a common source of infecdon for 
man. 

Scarab ty|diiis is caused by R. tsutsugasnushi and is transmitted by 
the bite of larvae of mites {Trombicula akeutushi or T, dUiens^. 
larvae become infected after biting an infected host and the rickettsiae 
are then carried to the adult mite and thence throughout the life eyrie 
to the egg and to the larvae once more. The infecdon is transmitted 
by the young larvae whi<^ bite only once and vhich usml^ feed 
wild rats and oflber rodents. The larvae are found on low-lj^ fammd 
vegetatkm and on moist ground, whence thqr can teadi^ adack man. 
Scrub typhus is very difficult to control beriuise the mites and dteir 

larrae can only be etadkattd by clearing away iMgearew ^ vMe^tt 

and dtyiug gfoimd camps or houses arc to be ^ted* Mmciilii 
chemicals sudh as dimethyl phthabte arc used as an omtmciift to act tts 
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a repellent, and diemc^nophylaxis with chkaramphaucol is of conuder- 
able value. 

Bicfcettsialpox is a mild disease which occurs in the U.S.A., West 
and South Africa and the U.S.S.R. It is caused by R. ahari which anti- 
genically is closely related to members of the tick borne group especially 
R. nckgttsR and R. amofriL The reservoir oi infection is tbe house 
moxise and the infection ia spread to man by the bite of the common 
mouse mite AUodemanyssus sanguineus. No Weil-Felix antibodies are 
produced in man and complement fixation and neutralisation tests are 
used for diagnostic serology. R. akari causes a marked scrotal reaction 
in mice and guinea pigs five da^ after intra-peritoneal inoculation. 

Prophylaxis. — Active inununisation against ^hus is usually 
carried out with a formolised vaccine of the Cox tj^e fori which the 
rickettsiae have been cultivated in the yolk sacs of developing chick 
embryos. A vaccine of this type containing R. prowazem is used 
against epidemic typhus and one containing R. mooseri against endemic 
typhus. A similar vaccine containing R. rickettsis is employ^ against 
Rocky Mountain spotted fever. The latter is given early in summer 
mon^s before the ticks are active. 

Cox-type vaccines are administered in three 1*0 ml. doses at intervals 
of seven to fourteen days. Booster doses of 1-0 ml. are needed at yearly 
intervals or more frequently if the risk is great. Antibodies may persist 
for some years after inoculation. The booster dose results in a prompt 
rise of circulating antibodies reaching a peak in about ten days. A 
second t 3 rpe of vaccine prepared from “strain a living attenuated 
strain of R. pramazekU, is at present under trial and shows considerable 
promise. Although reactions have followed the use of this vaccine it 
has caused no harm and has given a firm immunity against epidemic 
t 3 q)hu 8 for as long as five years (Fox, 1956). 

In scrub typhus formolised vaccines of R. tsutsugamushi have 
proved to be ineffective. A vaccine of a living strain is under trial and 
the infection it establishes is controlled after some ten days by chlor- 
amphenicol therapy. The procedure is, however, not without risk, and 
on account of the antigenic heterogeneity of the R. tsutsugamushi its 
effectiveness is in some doubt. 

Chemotherapy. — ^Tetracyclines, chloramphenicol and para-amino- 
benzoic acid all exhibit a rickettsiostatic effect. The tetracyclines and 
chloramphenicol are more or less equally effective against louse-borne, 
fiea-bome, tick-borne and mite-bome t^hus fevers. 

_ Trench Fever, a form of louse-borne typhus fever, is caused by 
Rickettsia quintana. The disease occurred in both world wars and was 
shown to be transmitted from man to man by the hutpan louse. R. 
quintana^ has been propagated in fhe intestinal epithelial cells of lice, 
but not in eg^ or tissue cultures. There are no specific laboratory tests 
for Trench fever. 

HfuuRTWATEit Disease of cattle, sheep and goats is caused by 
Kkmdsia rusninemtium. It occurs in Central, East and West Altica and 
the infection is spread by the bite of the “bont” tide {Anilyaiimm 
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hdifotUHt), Affected a mou J e develop hieh feveti sastroentnitisi 
oedematous eweilings, the most cha^cte^tic of whkdi is ^ hydto* 
pericardium, which gives the disease its name. Rickettsiae axe foaod 
in large numbers in the endothelial cells of capillaries of many intosud 
organs, especially those of the brain and renal glomeruli. It is though 
that the serum from recovered animals can transmit a *niM infcctKm 
to young calves and it has been used in attempts to procure active 
immunisation. 

Ticik-bohne fever of sheep in Great Britain has been regarded as a 
rickettsial infection and inclusion bodies are observed within the 
cytoplasm of granular leucocytes and monocytes. The organism is 
also found in cattle and goats. 


QFEVER 

Q fever is an acute systemic infection usually characterised by an 
interstitial pneumonia; unlike other rickettsial infections it has no rash. 
The name of the disease is derived not from Queensland in Australia, 
where it was first recognised, but from the letter Q in “Query”, because 
for some time its aetiology was imcertain. The signs and symptoms 
are usually referable to the respiratory system but are very inconstant. 
Often the first indications of the diagnosis are the characteristic multiple, 
patchy areas of infiltration or die segmental consolidation seen on 
radiological examination differing somewhat from the more circum- 
scribed lesions of a “primary atypical pneumonia”. More rarely the 
disease may declare itself with the prolonged fever and embolic signs 
of subacute bacterial endocarditis. 

Coxiella bumetU is the causative organism. It is an obligate intra- 
cellular parasite, pleomorphic in appearance, and measuring 0*25 (i by 
0*5 /Li to 1*5 /X in length. It is frequently seen as a diplobacillus and 
closely resembles the Rickettsiae in its morphology. The infective 
property of Cox. bumetU has been passed through a collodion membrane 
of an average diameter of 400 m^x. The organism infects guinea-pi^, 
hamsters, mice and the cells of the yolk sac of the developing <^ck 
embryo. It appears as clumps or masses within the cytopmm o£ 
endoAelial and serosal cells such as th<»e lining the periton^ cav^. 
Cox. burnetii is remarkably resistant to desiccation and may surnve 
for long periods in the tissues or faeces of infected tides. It remains 
viable for several days in water or milk. It can witiistand heat at 60° C. 
for one hour, survives 1*0 per cent, phenol for one hour, and 1 in 1000 
merthiolate for a week. 

Cox. burtutU tims possesses properties which are distiimt from those 
of all tile other members of the family RickeUsiaceae. It is filterab^ 
highly resistant to heat and disinfurtants, does not produce a rash ib 
iiffected persmis and does not elidt the agglutinin to the Proteus % 
Strains which the typhus fevers. For tiiiese reasoite 

organism is no longer ngarded as a true JRukatm and has been deaig* 
tated the prototype of a new genus— Goawfla. 
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E^detiiiolo|gr« — Cox. bumeta is cause of eoKOottc infectk^ in 
domesticated anunals such as cattle, sheep and goats. The disem n 
foimd throu^^out the world and has been rq) 0 ]ted in different 
countries, including die United Kingdom. Apparently healthy aninuUs 
may excrete coxielO^ in their milk and also during parturition, when 
huge numbers of the organism are present in the placenta and the birth 
fluids. Man may be infected by drinkii^ contaminated milk or, more 
commonly, by inhalii^ the infected dust from the straw and biding 
soiled by the animals. There are many instances on record of the 
infection of workers by the inhalation of infected material in the 
laboratory. The infection is prevalent in many wild rodents, particu- 
larly in the bandicoot in Australia and in pigeons and other birds. Cox, 
burnetii is conveyed from animal to animal by the bite of ^ks. More 
than twenty species of ticks mostly of the Ixodidae ana Argasidae 
families are known vectors. It is imcommon for the organism to be 
carried throughout all stages of the life cycle of the tick and for the most 
part these ar&opods are infected from the animal reservoirUStoker & 
Marmion, 1955). Ticks seldom if ever transmit the disease to man. 
The risk of person-to-person transmission of Q fever is small, \and strict 
isolation precautions are not needed, but infection has occurred from the 
autopsy of a fatal case. 


Laboratory Diagnosis 

This dq>ends on the recovery of Cox. burnetii from the bldod in the 
early febrile stipes of the illness and on the results of serological tests for 
specific antibodies. The Weil-Feiix reaction is negative. 

Isolation of the Causative Organism . — Hepaiinised blood should be 
inoculated into as many susceptible hosts as possible, e.g. intraperi- 
toneally into guinea-pigs, and hamsters and into the yolk sacs of five- 
to six-day-old chick embryos. Guinea-pigs and hamsters do not die 
from the infection and seldom show any obvious sign of disease. The 
animala must be careffiUy observed for signs of illness and the rectal 
temperature should be recorded twice daily. When any definite fever 
or illness is detected, the animals should be killed and blood and tissue 
extracts from them should be injected into fresh animals. Smears 
from the spleen, liver and from the yolk sacs of chick embryos of 
slu^fish movement diould be stained by Castaneda’s and Ma(^ia- 
velto’s stains and examined for the presence of rickettsia-like organisms. 
Animals which do not sicken should be bled by cardiac puncture 
two we^ and the serum examined for antibodies to Cox. burnetii. ^ 

For Con^lement-fixaiion tests killed antigens of egg ad^ted stiato 
(ff Cox. burn^ are used. The Henzerling strain (Itd^) and the Nine 
Mile strain (American) obtained from infected yolk sacs are in mersl 
use. Freshly isolated strains do not react well with sera in early con- 
wdescence and it is only after adi^on to the egg tiiat fully reactive 
ant^ens can be prepa^ (Sti^wr, & Miunmion, 1955). The 
methods used to make the antigen and to cany out the test tte similar 
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to l^ose used in psittacosis. Antibody litres rise Irom an initial kysr 
level to figures rai^;mg from 64 to over 1000 in omvalescenoe. entree 
samples tn serum should be tested, die first taken at the onset of the 
illness, and the second and diird at ten-day intervals thereafter. 

Control meatures for Q fever must include the adequate pasteurtsa- 
don of milk. Coxiellae may not all be killed at 143° F. fcur 30 min., but 
are killed at 145° F. fm 30 min. The “fiash” method of pasteurisatimi 
(161° F. for 15 sec.) is adequate to eliminate viable Coas. ImrnttU from 
raw milk (Enright, Sadler & Thomas, 1957). In the kbofstoty great 
care must be taken with infected animals and eggs and they should 
always be handled within special inoculation cabinets, where the risk of 
contamination of the air is eliminated. All carcases and eggs shotdd be 
immersed in disinfectant solution and then incinerated. The use of a 
vaccine of the Cox type if available is indicated for laboratory per- 
sonnel and for persons whose work brings them into contact widi live 
or dead animals. 

Both chloramphenicol and the tetracyclines are effective therapeutic- 
ally in Q fever. 


PLEUROPNEUMONIA-LIKE ORGANISMS 
Mycqplasmas 

The pleuropneumonia-like organisms (PPLO) are very small para- 
sitic or saprophytic microorganisms characterised by their lack of a 
rigid cell wall, great variability of all morphology and characteristic 
“fried-egg” colony morphology on agar culture medium. Th^ are 
almost ubiquitous in nature. The best known m^bers of the group 
have been recognised for many years as the cause of great epizootics of 
severe respiratory disease of cattle, sheep and goats; others cause 
chronic respiratory disease in poultry and many different animals. 
Recently it has been established that Eaton’s ^ent, which has been 
proved to be a cause of primary atypical pneumonia in man, is not a 
virus but is capable of growth on inanimate culture media, and is for 
this and other reasons a true mycoplasma (Chanodi, Hayfli<^ & Bariic^ 
1962). It has been given the name of Myeoplatma pneummae. A 
considerable number of pleuropneumonia-like organisms are found as 
commensals in the oral cavity and in the genital tract in man, and in 
cattle, dog^ and other animals. Mycoplasmas have been isola^ from 
various pafbologiod conditioiu of the female genito-urinary tract and 
from non-gono(toccal urethritis in man, but the aetidogical rate of ffiese 
organisms has not been proved. One species, M. lamMoU, is a stqtro- 
phyte that can be recovered fixun sewage, manure, soil, etc. 

The orgamsms are classified as the genus Mytx^hstna ^in the order 
^yeopUumiUakt) whuh at present contains rixteen ^stmet spedles. 
They are amali but variable in siae, the smaller viable forms itoeasiui^ 
0*125*-0*3 u in di*ff***’*** a*»d being ciquhle of passing thrcai|^ baeterin- 
stopping miors. Thc^ differ from o&ux bai^etia m that Ipcit a 
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rigid cell wall, a defideocy that results in eactreme variatbns ii^ their 
morphology being product by chai^^es in thdr environmennd drcam- 
stances. Hiey ate Gram-negative, nmr-motile and non-sporing. They 
can be cultivated in the absence of living cells in nutrient media heavily 
enriched with serum and most species have been found to require 
cholesterol or related steroids as an essential metabolite (Rodwell, 
1963). It is a characteristic of the genus that their growth is inhabited 
by organic gold salts in vivo. For reviews of the properties of myco- 
plasmas see Edward (1954), Adler & Shifrine (1960) and Klieneberger- 
Nobel (1962). 

Mor^iohgy . — ^The appearances of mycoplasmas are best seen in 
agar block preparations (0rskov’s method) or in impression smears 
made from young colonies grown on solid media. Dark ground micro- 
scopy of wet films offers toe best results. In fluid cultures, stained 
films are often unsatisfactory. The oiganisms are highly pleomorphic 
and show granules of various sizes, disc-like and amoeboid structures, 
as well as rings, clubs, filaments (up to 100 (i long) and viprionic and 
starlike forms. The smallest viable granules, or coccoid fol^, which 
are filter-passing, are often called elementary corpuscles. \ 

These many diverse forms are due in part to toe fragility of toe 
organism and its lack of a cell wall and in part to its reproductive process 
which is not confined to simple binary fission. Environmental in- 
fluences, osmotic pressure (Leach, 1962), and trauma to toe organism 
when fi^s are being made all influence its morphology. 

Klieneberger-Nobel (1962) has described successive phases of 
growth begiiming with a granule (elementary corpuscle) 0'125-0‘3 (i in 
diameter which is toe minimal reproductive unit. This granule flattens 
on the surface or in the agar to give an irregularly shaped mass (0'4--0‘9 /x 
in diameter) and as growth proceeds dense concentrations of material 
appear within the cjrtoplasm and are often placed at the periphery of 
the cell. The large body undergoes multiple fission, the cytoplasmic 
concentrations be^ separated to give newly formed granules which 
then give rise to a new generation of the larger elements. A similar 
process is observed in fluid cultures; there is a tendency for toe 
granules and larger cells to form filaments which later become trans- 
formed into chains of small bodies which divide up, to liberate these as 
granules. Granules may remain attached to toe parent cell or msy be 
cast loose so that many differing configurations may arise. 

Staining . — ^The organisms are Gram-negative but stain poorly wito 
toe usual aniline dyes. They stain satisfactorily with Giemsa by toe 
prolonged method. On agar toe oiganisms may be stained by Dienn’ 
stain; colonies of mycopluma retain the blue stain for two days while 
those of nearly all otoer bacterial cobnies lose toe colour in half an 
hour. M. gaJUnarum, however, is an exception. Dienes' stain contains 
azure II 0*25 g., methylene blue 0*5 g., m^tose 2*0 g., NatCOt 0*05 g., 
benzoic add 0*04 g. and distilled water 20*0 ml. Mycoplasmae in tiswes 
can be stained by an intensified Gienua method (Goodbum & Marmion> 
19&t) in which the section is pre-treated for 2 minutes with a fiesbly 
made 1*0 per cent w/v solution oi potassium pmnanganate bdoie 
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ovenolght stunini' vnth 1 in 25 GiesoBa’s stain. F inal dilbtmtiataon 
is vridi 0*5 per cent, w/v acetic acid. 

Ctdtwm cAarortsfi.— -Cultures of most strains can be obtRinsd 
aerobically on serum enriched media although some (e.g. M. teUwaii^ 
require 10 per cent. CO> for growth. For primary isolatioa hom 
material contaminated with o&er bacteria the foUowing selective 
medium can be used. PPLO agar (Difco) is enridied with 20 per cent. 
toAeated horse serum, 10 per cent, of an extract of fieah yeast (see 
Chapter 47) but never heated over 75° C,, and decayribonodl^ acid 
(sodium salt of nucleic acid from thymus gland, BDH) 20 /ug per ml. 
Penicillin 50 units per ml. and thallium acetate 0*25 mg. per mL are 
added to control Gram-negative and Gram-positive bacterial con- 
taminants. The final pH of the medium should be brought to pH 
7-8-^*0 (Edw^d, 1947) by adding 2*8 ml. of M/1 KjHPO* for each 
100 ml. medium. Subcultures are made by excising a blo^ of agar 
bearing one or more colonies and transferring it to a fresh semi-solid 
agar pkte (enriched as above and with or vnthout the selective !^;ents). 
The agar base can be made conveniently by adding 10 ml. PPLO agar 
to 90 ml. PPLO broth (Difco). Growth visible microscopically occurs 
in 2-12 da]^ under aerobic conditions; it is not readily discernible by 
the naked eye. In fluid medium it is seen as a very faint general 
cloudiness or granularity. On inoculation on solid agar the small 
granules seep into the agar medium and are caught in the fibrillary 
raeshwork of the agar gel. They grow upwards to reach the surface 
where a thin layer of growth spreads outwards from the centre of the 
colony in the film of water on the agar surface. The colonies are seen 
to have an irregular but entire edge, the centre is heaped up, often 
granular, and is surrounded by a thin transparent peripherd rim. 
Most species give this typical ‘‘fried egg” appearance but some, e.g. 
Mycoplasma pneumoniae, may not. In cross section the colony the 
outline of a drawing pin. The central portion of the colony is adherent 
to the agar. At three to four days, depending on the medium and the 
strain, the colonies measure 20-600 fi in diameter and can be seen only 
with Ae plate microscope; by about 7-12 days they may reach approx- 
imately 2^-3 nun. in diameter and will then be visible to the naked eye. 
The morphology of the colony varies with the species; it can be 
studied in unstained agar block preparations using phase contrast micro- ' 
scopy or after staining by Dienes’ method {vide supra). A rapid 
identification of the colony may be made by staiidj^ with spedfic 
fluorescein labelled antisera (Marmion & Hers, 1963). Sheep or guinea- 
pig blood cells are lysed by some strains including M. paeumomM. For 
this purpose one part of 50 per cent, cells in Alsever’s solution is added 
to three parts of 1 per cent. Bacto agar in normal mline and is layered 
over a 2-5 day old culture. Haemolysis of the o or /3 type appears after 
reincubation for 24 hr. and is seen as zones 2--5 m/u. in diameter aroimd 
the colonies. When O’S per otsA. benzidine is incorporated in the blood 
agsf* hydrogen peroxide is fon^ causing a bladtening of the rahnte 
whidh makes them more easily counted. M. piuunumuie can be etiW* 
vated by the amniotic inoculation of 13 day tfld chidk embtyos; me 

2i 
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otganism is i«covered £km& the lungs of the eiubiyos after $<-7 'days’ 
incubation at 35° C. This organism can also be cultivated in prims^ 
monkey kidney and in continuoua lines of human amnion and human 
embryonic lux^ cells adiere a cytopathic effect is detectable by Giemsa 
or minimal fluorescent stains (Eaton et al., 1962). 

Btodmmcal Reactions. — M. pneumoniae ferments glucose, maltose, 
mannose, dextrin, starch and xylose without gas formation and can 
ffxereby be distinguished from two human commensal mycoplasmas, 
M. sejevarnm and M. hotnms, which do not attack carbo^drates. 
Another human commensal, M. fermentans, attacks most of these carbo- 
hydrates but fails to ferment mannose or xylose. M. mycoides ferments 
glucose, maltose, maimose, dextrin, starch, fructose and glycogen. M. 
egalactiae and M. galUnarum do not attack carbohydrates. 

It should be noted that horse serum is not suitable as ani enrichment 
for the sugar containing media because it contains maltases abd diastases 
which may engender false positive reactions. Human or rabbit serum 
may however be used. 

Viability. — Cultures on solid media remain viable at \4° C. for 
periods of up to 2 weeks but fluid cultures at this temperature die out 
more rapidly. Cultures on semi-solid agar stay alive without sub- 
culture for 6-12 months if preserved at —20° C. or lower. Myco- 
plasmas are readily destroyed by heat. Depending on the type of 
culture medium tised M. pneumoniae will survive 4 hr. at 20° C. and 
15 min. at 56° C. This organism is inactivated by ether and its growth 
like that of mycoplasmas generally is inhibited in vivo by sodium 
aurothiomalate. 

Antigenic characters. — Each species of mycoplasma appears to be 
antigenically distinct and little or no sharing of antigens has been 
rqmrted. There are two antigenic varieties of M. hommis and three of 
M. Uudlasoii, the saproph)^ from sewage. 

Animal pathogenicity. — ^When M. pneumoniae is introduced intra- 
nasally into hamsters or cotton rats it causes a patchy bronchopneumonia 
which can be seen at autopsy in animals killed about 12 days after 
inoculation. 

M. mycoides is pathogenic for cattle, sheep and goats but not for 
rabbits, guinea-pigs or rats. After simple inoculation in cattle the 
natural disease does not follow although an extensive local inflammatory 
reaction is developed. It is difficult to reproduce ^ical bovine con- 
tagious pleuropneumonia by any form of inoculation but in some breeds 
of cat^ it can be achieved by obliging 4hem to inhale a fine spray of 
virulent culture. For further details of the pathogenicity of animal 
mycoplasmas see Turner (1959). 

^idemiolpgy 

The only pleuropneumonia organism known definitely to be patho- 
genic for man is M. pneumoniae (l^ton’s agent). It causes that fmm of 
atypical pneumonia in which the patients develop sorum agglutinins 
agaiiut StreptocMcus MG and agai^ human erydurocytes in the cold 
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(C^*^ a., 1961; Goodburo, Marmkm & KendaH, 1963). Tbe 

orgaaiem has been proY^ to have cauaed outbieaks of acute ro^inior^ 
disease and pneumonia in closed communities such as boarding sdhoodi 
and military barracks. It is probable that surveys at present in pn^gress 
will show that Eaton’s agent is distributed widdy and somewhat 
irregularly in the general population and that it is responrible for a 
variable prc^rrion of cases of respiratory infections at all ages. 

M. rnmmis is of doubtful pathogenicity; it has been found in the 
genital tract (particularly in the uredua and the vagina) in about 2 per 
cent, of heal^y blood donors and children, and in 56 per cent, of 
women and 24 per cent, of men attending venereal disease clinics 
(Card, 1959). The role of the organism in “non-specific” or non- 
gonococcal urethritis is uncertain. The mycoplasmas can become 
established in the vagina when the pH is raised above 4*0; bacterial 
infections that raise the pH enhance the growth of mycoplasmas. The 
normal male urethra, because of its high pH, is a good site for growth. 
The major mode of spread in man is by sexual contact. 

M. mycoides has been known for many years as the cause of con- 
tagious bovine pleuropneumonia, epizootics of which have been respon- 
sible for enormous economic losses in cattle and sheep. The disease 
still exists in many parts of the world but has been eradicated in Western 
Europe and North America. The clinical disease takes the form of a 
chronic interstitial pneumonia with sero-fibrinous pleurisy and oedona 
of the interlobular septae of the lungs; it may be acute in onset and 
rapidly fatal but frequently it is subacute or chronic with organisation 
the exudate. In many of the latter cases areas of segmented necrosis 
occur in the lung tissue and subsequently become encapsulated. The 
organisms may persist in the lesions for many months and such animals 
form a reservoir of infection which is responsible for the perpetuation of 
the disease. The disease is spread by droplet infection during close 
proximity between infected and susceptible animals. Epidemiological 
control is difficult because about 20 per cent, of infected animals suffer 
only from inapparent or subclinical forms of the illness and 10 per cent, 
become chronic carriers; these animals form a reservoir of infection 
that can be detected only by serological means. 

M. agalactiae causes a generalised infection in sheep and goats with ^ 
lesions localising in tiie joints, eyes and mammary glands. Infection 
is by it^^estion of foodstufis contaminated with purulent discharges. 

M. gedUsepHeum is a primary cause of chronic respiratory diwase in 
fowls, turiceys and other birds; a disease of considerable economic 
importance. Offier species of mycoplasma have been found as ccmh- 
mensals or as patiKigens in pigs, d(^ rats and mice. 

Chnniolliienipy. — ^Mycoplasmas are insensitive to sulphonamides 
and penkiillin but sensitive to c^oramphenicol, tetracycline, Keomychi 
and Kanamycm and tylosin tartrate. Species vary in thrir sensitrrity to 
streptomycin Mud erythromycin. In general human infections Drith 
these oiganinns respond to tteatimnt tetracyclines. 

Of ^ many types of vaccines that have been usad 
against bovine pleuropneumonai living chick enfotjm Vaccine eff 
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Sheriff and Piercy (1952) is perhaps the most effective but» hi eome 
breeds of cattle carries a grave risk of severe reactions and the kes of 
small numbers of animals. 

Rslaiumhip to “L-form*’ of bacteria . — ^The lack of a rigid cell wall 
and the similarity in morphology and colonial characters between 
mycoplumas and L-forms of bacteria has suggested to some that it may 
be possible for transformation to occur and that bacteria may give rise 
to n^coplasi^s or the reverse. The L-forms of bacteria are variants 
lacking a rigid cell wall and their origin is practically always the result 
of artificial procedures which are carried out in the laboratory; they 
have not been found to occur as pathogens in nature. The distinctness 
of the antigenic characters of the various species of mycoplasmas, their 
widespread distribution in nature, and their cholesterol requirement 
would tilt the balance of evidence in favour of the view tlUt they are 
separate entities devoid of a bacterial origin (Klieneberger-Nobel, 
1962). 


Primary Atypical Pneumonia 

There is now sufficient justification for regarding primary atypical 
pneumonia (PAP) as a separate entity that differs clinically and aetio- 
logically from the primary and secondary virus pneumonias. The 
disease is characterised by moderately severe respiratory involvement 
with bronchitis and pulmonary consolidation. The lung charges are 
usually unilateral with patchy opacities often seen on radiological 
examination to extend fan-wise towards the lower lobe. Less severe 
febrile respiratory manifestations may occur, especially in children. 
Characteristically the patients develop serum a^lutinins for Strepto- 
coccus MG, and for human er 3 rthrocyte 8 tested in the cold. The cause 
of the condition is Eaton’s agent wffich was for many years thought to 
be a virus but is now known to be a pleuropneumonia-like organism 
and is named M. pneumoniae. Antiboffies to this agent are developed 
during the infection and can be demonstrated by neutralisation, comple- 
ment fixation, and immune fluorescence. In one series of patiente 
developing antibodies to M. pneumoniae, 47 per cent, also developed 
cold agglutinins with or without antibodies to Streptococms MG 
(Mufson et al., 1%2). However, 92 per cent, of the sera containii^ 
cold agglutinins contain antibodies to M. pneumoniae. The nature of 
these reactions has not yet been elucidated. 

Laboratoxy diagnosis.— -This usually depends on the demonstra- 
tum of rising litres of cold agglutinins and of antibodies for Streptococcus 
MG, combined when possible, with estimations of antibodies to 
M, pneumoniae by complement fixation (Chanock et al., 1962), or 
imimme fluorescent methods (Goodbum & Marmion, 1962). 

The causative organism may be isolated by the direct cultivarion of 
sputum or swabs on a selective culture medium. Proof that the sus- 
pected colonies ate those of mycoplasmas is obtained by showing (u) 
that the colony stains positively widi Dmnes’ stain, (b) ^t its oentiri 
area is adherent to the agar, (<r) subcultores from it will not grow in 
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serum ftcfe media. The fermentation reactions are then tdiedEed hut 
the final identification of the colonies is always made by the 
antibody technique using a known positive serum. 


BAinrOimiA 

This organism is the cause of two quite distinct pKnitya l oMiditicms: 
Oroya fever, characterised by intermittent pyrexia, anaettw and high 
mortahty, and Verruga peruana, a benign, nodular skm eruption. T^ 
organism under natural conditions grows on or in the er 3 ^rocyte 8 
man or in the (r^lasm of his tissue cells. These infections are found 
only in mountainous districts in South America (Peru, Ecuador and 
Colombia). The disease is transmitted by the bite of sandflies, Phl^ 
otmus verucarum in Peru and P. cobrnbianum in Colombia. 

The infective agent is seen m red blood cells as minute rod-shaped 
forms 0'3-2’5 (i in length; it is extremely pleomorphic and coccal 
forms are frequently found. The organism is actively motile, with 
1-10 flagella attached at one pole of the bacillus. Flagella are not seen 
in blood films but are regularly present in cultures. The organism is 
Gram-negative, non-sporing, non-encapsulated and an obligate aerobe. 
It can be grown on semi-solid agar enriched with 10 per cent, rabbit 
blood at 28° C. or on a tryptone-serum medium (Gieman, 1941). It 
can survive many weeks in blood or blood cultures. Inoculated intra- 
cutaneously in monkeys, Bartonella badUifortm produces Verru^ 
regularly, but Oroya fever is manifest only occasionally unless the 
animals have previously been splenectomised. Haemobarionella muris 
is found in wtid rodents and in many strains of laboratory rats. A 
considerable proportion of the animals show no »gn of disease aiu) 
react only mildly if inoculated with the organism. It has been observed 
that after splenectomy in rats, organisms which closely resemble 
Bartonella moniUf<nmis frequently appear in the red cells; the infection 
is associated with marked anaemia and often has a fatal result. Presum- 
ably latent infection is prevalent in rats associated with a certain degree 
of natural immunity which is broken down by removal of the spleen. 
The infection is louse-borne. 

Other species of Hamdbartonella have been described in mice, 
guinea-p^, squirrels, bovines and dogs. 

It shc^d be noted that tiiese organisms are unusual in tiiat titey 
can be cultivate artificially and show a marked tendenCT in nature tc 
multiply witlun the host’s cells. Bartonella and Haemahartonelh con- 
stitute two genera of tiie family Bartonellaceae and have been broughi 
togetirer with the Rickettsiaceae in the order Rickettsiales. For a revien 
of the BartMMdlaceae see Peters and Wigand (1955). 
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CHAPTER 40 

A 

PATHOGENIC FUNGI 

I 

Infections produced by the true fungi, or Eumycetes (p. 5), are usually 
desigMted “mycoses”. Hiese infections are of less impmtance in 
medicine than bacterial and viral infections. Some fungal inSeeiimis are 
very common, e.g. ringwonn infections of skin, hs^ and naik, and 
Candida infections of the skin and mucous membranes, but these infec- 
tions are superficial and rarely a danger to life. Deep and systemic 
fungd infections, which may often be fatal, are relatively uncommon in 
Britain. The pathogenic fungi are insusceptible to the antibiotics that 
are used successfully in the treatment of bacterial infections and there is 
a lack of useful and effective antifungal drugs that can be administered 
syst^cally. Be(^use of their drug-resistance, Ae fungal infections, 
particularly infections with Candida albicans, have become more pro- 
minent since the advent of the antibiotics. Thus, effective tr eat ment of 
a bacterial infection with antibiotics may lead to an intractable secondary 
infection with fungi. 

The Eun^cetes can be divided into four morphological groups, each of 
which includes some pathogenic varieties. (1) The moulds (filamentous 
or mycelial fungi) grow as long filaments (hyphae) which brandi and 
interlace to form a meshwork (mycelium), and reproduce by the forma- 
tion of various kinds of spores. The major part of the mycelium, the 
vegetative mycelium, grows on and penetrates into the substrate, absorb- 
ing nutrients for growth; sometimes it forms asexual thaUospores. 
Other hyphae constitute the aerial n^celium and protrude from the 
vegetative mycelium into the air; they form and disseminate into the air 
various kinck of spores. When grown to a large size on artificial 
medium, the mycelium is seen as a filamentous mould colony; this may 
become powdery on its surface due to the abundant formation of spores. 
The filamentous fungi usually are only locally invasive in the body and 
spread to fresh hosts by their spores, e.g. the ringworm fungi. 

(2) The yeasts are unicellular fungi which occur mainly as sin^ 
spherical or ellipsoidal cells and reproduce by budding. On artificial 
media they form compact colonies vnth a creamy, mucoid or pasty con- 
sistence (e.g. like those of staphylococcus). They grow diffusely throu^ 
fluid medha and may spread readily through ^e animal body, e.g. 
Cryptococcus neoformam. 

(3) The yeeat~Uke fuagi grow partly as yeasts and partly as long fila- 
mentous cells joined end to end, formii^ a “pseudmnyceliaitt”, e.g. 
Candida albiams. 

(4) The Mmoepkicfiami grow dther as filaments or as yeasts, accord- 
ing to the cultural condifions. Growth usually takes place itt the 
mycdial form (the saproidiytic phase) on culture media at 22* C> and lA 
the soil, but in the yeast mrm (the parautic phase) on media at 37* C« and 
in the animal body; e.g, Blastomyees dermat^idu. 

Fungi are My o b ic an d all cultures are incubated aerobically. Culhme 
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tubes and bottles are beat stoppered with cotton-wool, and if sdrew- 
capped bottles are used, the caps should be left loose. 


Systematic Cl a ssiflca t ion 

The systematic clasaification of the fungi is made on different lines from the 
simple morphological classification given above. Four classes are distin- 
guished, mainly according to the nature of their sexual spores. (1) The 
Phycon^cetes form non-septate hyphae, asexual “sporangiospores” contained 
within a swollen spore case, or ‘‘sporangium”, borne at the ends of aerial 
h 3 rphae, and sexual spores of the ‘‘oospore” or “zygospore” varie^. (2) The 
Ascomycetes form septate hyphae, various kinds of asexual spotes including 
“conidia” which are abstricted successively from the ends of spedalised (often 
aerial) h^hae called “conidiophores”, and sexual “ascosporra” formed, 
usually eight together, within a sac or “ascus”. (3) The Basidiom>cetes form 
septate hyphae and sexual “basidiospores”, usually four in number, fnsn the 
ends of club-shaped structures called “basidia”. (4) The Fun^ imperfecti 
include the fungi that do not have a sexual stage and thus cannot be placed 
with certainty in one of the other three classes. Many imperfect fungi form 
septate hyphae and asexual conidia resembling those of Ascomycetes, and their 
closest affinities lie with this class. A majority of the pathogenic moulds, 
yeasts, yeast-like fungi and dimorphic fungi belong to the group Fungi 
imperfecti. 


Common Saprophytic Moulds 

Many species of non-pathogenic moulds occur in the soil and on 
decomposing organic matter. Aerial dissemination of their spores is 
widespread and they are commonly found contaminating exposed bac- 
teriological culture media, human foodstufls and specimens taken from 
the surfaces of the body. They also occur as secondary invaders, e.g. in 
the external ear or lung. Their presence in diagnostic cultures must not be 
taken as denoting an aetioUgical relationship. Varieties commonly en- 
countered include Bhizopus, Mucor (e.g. M. mucedo), AspergOJus (e.g. A. 
niger) and Penicillium (e.g. P. expansum). Bhizopus and Mucor are 
phycomycetes with non-septate hyphae, asexual sporangiospores, and 
sexual zygospores which are formed by conjugation of two hyphae at 
their tips. Aspergillus and Penicillium species are either ascomycetes or 
fungi imperfecti, having septate hyphae, asexual conidia and in some 
cases sexual ascospores. Their colonies are commonly pigmented 
yellow, green or black. The conidial chains of AspergU^ arise from 
finger-like “sterigmata” which radiate without branching froni the 
expanded bulbous tip of die conidiophore. Those of PenieiU^ 
arise brush-like from sterigmata borne on die tips of several termind 
bmoi^es of the conidiophore (Fig. 26). Hie important antibiotic 
substance penicillin is derived frmn PenkilUum natatum and P- 
rktysfgemm. 
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THE DERMATOPHYTES OR RINGWORM FUNGI 

Tinea, or ringworm, is caused by three related genera of filamentous 
Fut^ imperfecti, namely Microsporum, Trichophyton and Epidermo- 
phytott. These are dermatophytic fungi, having Ae unusual ability of 
digesting and utilising keratin, and being speciaOsed for parasitising the 
keratinous structures of the body, i.e. the horny outer layer of the oktn, 
the hairs and the nails. They do not invade the underlying living tissues 
that form the keratin, or the deeper tissues and organs of the body. The 
skin lesions are varied and may include inflammation, scaling, hyper- 
keratosis, vesiculation, pustulation, maceration or ulceration; secondary 
suppurative infection with pyogenic bacteria may ensue. In ringworm 
of the body, the spreading edge of the lesion is commonly seen as a red 
uiflammatory ring (e.g. 5-50 mm. diam.) studded with vesicles and 
pustules, whilst the recovering central region is scaly and less reddened. 
Infected hairs become weakened and readily broken off, so that bald 
patches are produced; in some cases they show a characteristic green 
fluorescence under ultra-violet irradiation. Infected nails bwtnne 
deformed, discoloured, brittle and broken. 

In their host the fungi occur in only two forms: (1) as a vtgetiOive 
mycelium which grows through the keratinous structures, and (2) as 
c^ns of ofthrospores formed by the septation of hyphae into short 
cylindrical or rounded segments which braome widened uid tiudt- 
walled. The arthrospores are capable of infecting intact skin on vHiidi 
they are deposited, but they more readily infect sl^ subjected to minor 
injury by rubbing, sciu^iing or prdongedmoistemng. germinate 

and give rise to hyphae whidi ^nread as a mycehum throt^ the tHkOle 
depA of t]^ hmmy layer and extend radudly into adjoining areas sHo. 
'I'he medumiam w her d»y this superfical mngal growth cuises infiaiii- 
mation oi the skip is uiioertain$ the liberation of toxic products frona'^Aiei 
digested keratin or an allogic response to fungal antigens may be re^p<m^ 
sible. In haig-iafeo Hng apedes, the hyphae grow down the whflaoltttte 
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hair follicles that they encounter as they spread through the akin; they 
pass over into the shaft of tlw hair and grow in the newly keratinised 
zone just at>ove the root bulb. After two to three weeks’ growth has 
carried the first infected part of the hair above the skin surface, this part 
has become so weakened that it breaks off leaving a short (2 mm.) stump. 
(This happens in most types of infection, but in infections with Tricho- 
phyton violaceum and T. sidphureum {T. tonsurans) the hairs break off at 
the mouth of die follicle, to give a “black dot” appearance.) 

Hyphae in skin, nail or hair eventually give rise to arthrospores. In 
hair, the arthrospore formation may be “endothrix”, i.e. from hyphae 
within the hair shaft, or “ectothrix”, i.e. from h 3 rphae that have grown 
out over the surface of the hair. In the latter case, the affected part of 
the hair comes to bear a thick white coat of spores several layers deep. 
Some species form small arthrospores, of 2-3 fi diameter, [and others 
form large spores of 4-6 ^ (Fig. 27). 



Mycelium 

(x750) 
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Fonn* of xiagwoim fungi seen m vmw in akin, nail or hair. 

fi is |e«Miei«ieigietai and Hypenensfrive Reactions.— The blood d 
pstumts with supoffdal dermatomycoses cannot be shown to oontnn 
ag glurinina, predpitins or complement-fixing antibodies. Nevertheless, 
patient’s serum aw normal human senan may contain fungistatic sub- 
fftyfsniuL I^teover, schik kind of immunity mechaninn appears to be 
apesMxve in producing the eventual i^mntaaeous healing of the affected 
pads. Many patients, e^edally timse with tridu^yton infections, 
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develop a widespread cutaneous hypersensitive&ess to the anl%eiittc 
products of the fung^. In the course of the infectioo, secondaiy 
generalised ddn eruptions of an allergic nature naay occur, *.«. "densa* 
tophytids” or “trichophytids”, which are apparently due to blood«bonfce 
spread of fungal fragments or antigens. The commonest manifestation 
is a series of vesides (pomphlox) on the fingers and hands, though other 
parts of the skin are sonietimes also affected. No fiu^ua is found in 
these aller^c lesions. Evidence of hypersendtiveness may he dicited by 
injecting extracts of the organism, e.g. trichoph3rton; this usually evokes 
an inflammatory reaction after 24-48 hr., like the tuberculin reaction. 
The reactions are not spedes specific. 

I^mdes; Sources and Modes of Infection 

The various dermatophyte species differ in their adaptation to 
different regions of the body and to different animal hosts. Among 
spedes infecting man, some such as Trichophyton mentagrof^ytes, T. 
inter digitate and T. sulphureum {T. tonsurans) can attack most regions: 
e.g. the scalp and the hair of the head (tinea capitis), the skin and hair of 
the beard region (tinea barbae), the skin of the feet (tinea pedis), the skin 
of the groin (tinea cruris), the skin of other parts of the body (tinea 
corporis) and the nails (tinea unguium). Other spedes are less versatile. 
T. rubrum, a common cause of chronic body, foot and nail ringworm, 
rarely affects the scalp. Epidermophyton floccosum, the commonest 
cause of tinea cruris, can infect other areas of skin, the feet and the naUs, 
but does not infect the scalp. Mierosponm spedes affect the scalp and 
sometimes other regions of skin, but not the nails. M. audomm is the 
commonest cause of epidemic scalp ringworm in children; it does not 
attack adults and infection usually disappears spontaneously at puberty. 

The dermatophyte spedes are divided into those that are “anthro- 
pophilic”, i.e. primarily parasites of man and rarely of ammals, and those 
that are “zoophilic**, i.e, primarily parasites of certain animals and 
occasionally iiffecti^ man from these. The antfaropophiUc species 
include M. audouad, T. interdigitale, T. rubrum, T. su^iureum, T. via- 
laceum, T. schoenleim and E. floccosum. They tend to produce chronic 
lesions with slight tissue reaction, e.g. hj^k^totic a^ n<^ 
inflammatory lesions, and sometimes wholly subclinical infecttons. 
schoenkttd and T. violaceum are exceptional in ca us i ng favus. Faviis 
occurs most commonly on the scalp. It arises ftom hur ftfllidea as 
minute yellow-red papules; these grow to form cup-slumed ydbw 
“scutula”, or crusts of mycelium, and ultimately destroy the involved 
hairs. T^zoophilic spedes indude M. cants (cat and dog), M.gy^mub^ 
(horse and soil), T. mente^ophytes (cat, dog, mouse, ox, horse, sell), t. 
verrucestm (ox and horse), T. qtdndmmm (mouse favus) and M. 
«9«ht><wand7.egMfRttm(horse). When these fun^ infect man (as do fibs 
first fburX they tend to aa»e an acute mflainmatory lesion (kedmt) adds 
vedculation anil perlmps si^putation, easy to cure and ctei beiiBlig 
spontaneot^. > 

Eingwom due to w anduopophilte spedM M emitracted by 
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another infected man, as in the epidmic spread of tinea capitis dife to 
M. mdomd and tinea pedib (“atUete’s foot”) due to T. wterH^tak or 
T. rvbrm. Infections by zoophilic species are contracted from infected 
pets, farm animals or vermin, and rarely from infected humans. It is 
thus important to identify the species caunng an infection if an indica- 
tion is required as to whether the source should be sou^t among human 
or animal contacts. Infected cats and dogs should be destroyed if it is 
considered necessary to eliminate them as a source of infection in a 
household, since they cannot be effectively treated. 

The fungus is spread by contact and through the air in the form of 
arthrospores. These spores are shed from the affected parts, often in 
scales of skin, in fragments of hair or nail, and in finer debris. They are 
highly resistant to enviroiunental conditions and may remain alive for 
years in infected premises and survive on clothing through many 
successive launderings. They can be killed by brief boiling^ Formalin 
may be used for disiiffecting shoes, socks and other articles. Ine relative 
importance of the different mechanisms and vehicles of sprrad is un- 
known. \ 

M. gypseum has been found in soil and it is believed that it is capable 
of growing saprophytically in soil as well as of growing parasitically in 
the human or animal body. If this belief is correct, the soil may 
occasionally act as a source of infections for man and animals. 


Ringworm in Animals 

Ringworm in dogs and cats is usually caused by M. cams, but other fungi, 
e.g. M. gypseum, M. audomni, T. mentagrophytes and T. qmnckeasum, are 
sometimes responsible. Although cats frequently fail to show clinical symp- 
toms, bare patches with broken hairs may be seen on the head, face and paws. 
In dogs the lesions are more obvious, circular bare areas appearing on any part 
of the body. Ringworm in cattle is especially prevalent in young animals, the 
commonest pathogen being T. verrucosum. The lesions vary from small 
circumscribed hairless areas to extensive white or yellowish-brown crusts on 
the head, nedt or other parts of the body. Ringworm in the horse may be 
caused by species of Microsporum and Trichophyton, the commonest being M. 
egmrnm, M. gypseum, T. mentc^oplq/tes and T. eguifwm. Typical lesions are 
circumscribe bare patches or plaques covered by a soft crust which is easily 
removed. Ringworm in sheep and goats is rare, but pigs are susceptible to 
infection with T. meHtagrophytes. In favus of poultry, the lesions are mosdy 
confined to the comb and wattles as dirty white crusts of fungus tissue. In 
more generalised infections the base of the feathers and the sidn may be 
involv^. The causal fungus T.galUnae {AchoriongalUnae) is transmissible to 
man. 


Laboratory Diagnosis of Ringworm 

The presence of fungus is demonsfrated by direct microscopic 
mnination of a specimen of the infected ^n,li^ or nail. Identi^to 
of the genus and species requires isolation of the organion in artificial 
culture. 

Colteetiott of 8peoimen8.r-The spedmen must be taken wi& care- 
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A prdaoaiiauy deani^ of tibe lesion witii 70 per cent, alcobid reduces 
bacterial contamination. Scales of ritin {e.g. 2-3 mm. diamette) we 
scraped with a blunt scalpel from the active periphery of the ipflsmed 
area, avoiding white macerated material in flexures. The dames of 
vesicles are snipped off for examination. The scales may be stored hi 
small packages or envelopes made of clean folded paper, and bacterial 
contaminants are partly eliminated after a few weeks of such storage; 
fungus spores remain viable. In the case of infected nails, the affected 
parts are clipped off for examination and seraph^ are also tieken from 
the deeper parts with a blunt scalpel. 

Infected hairs must be chosen carefully. It is uadess to take heaUJ^ 
hairs from the infeaed regions of skin. The stamps of broken hairs 
should be plucked with fine forceps, or else lustreless hairs may be taken. 
IntrafoUicular fragments of hairs broken at the follicle mouths may be 
extracted with a cutting needle. If the infecting fungus is M. audouim, 
M. cams or T. schoerdeini, the infected hairs may be recognised by their 
fluorescence under ultra-violet irradiation. The head is viewed in a 
darkened room under filtered ultra-violet radiation from a Wood’s lamp. 
(A suitable lamp is a 125 watts ultra-violet black glass lamp. Type 
MBW/V, General Electric Co., with a choke for A.C. 230 volts, Type 
Z 1832H, and a 10 mfd condenser Type Z 1850. By filtration though 
sodium-barium-silicate glass containing nickel oxide it yields only rays 
outside the visible spectrum with fungi not causing fluorescence.) 
Specimens for dispatch to the laboratory are best sent in packages of 
clean folded paper. 

Microscopic Examination of Skin, Nail and Hair. — ^The speci- 
men must be “cleared”, ue. rendered transparent, to allow observation 
of the fungi within it. This is done by hydrolysing and partly dissolving 
the keratin with alkali. The fragments of skin, hair or nail are placed in 
a drop of 10-30 per cent, potassium or sodium hydroxide solution on a 
glass slide, and a coversUp is applied. The preparation is left for a 
while at room temperature, or is warmed very gently to hasten digestion. 
Thin scales of skin may be cleared within several minutes at room tem- 
perature, whilst a piece of nail may require up to three hours at 37° C., 
the solution being replenished as necessary. Thick pieces of nail may be 
incubated with Ae dkali in a small tube. Excessive digestion must be 
avoided. When ready, the coverslip is squeezed down gently under* 
blotting-paper to give a thin film without disruption of the specimen. 
The specimen is then examined microscopically in the unstained con- 
dition using a 4 mm. objective. It is convenient first to examme the 
specimen widely with a low power (16 mm.) objective and fihento senrdi 
suspicious areas witii tiie high power (4 mm.) one. Mycelium, dhainscl 
arthrospores and free arthrospores may be seen and thrir reoognhtioii 
permits a di^osis of fungus infection. Artefacts may be m ista k en for 
fungal elements by inexperienced observers; ml m fat dro^ett, air 
bubbles and spaces bmween epithelial cells. Thus, cholesterol cryMsis 
having the appearance of chains ci spores, so-called “mosaic fu^is**, 
are oi^ seen between tiw ^^elial cdlls of skin ^pedmena. These 
artifacts can be icoopdaed by meir fafluie to stain witii IwRnphteMd yne^ 
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Staining is u8ua% tumecessuy in routine diagnostic work, but it 
tdiould be earned out if there is doubt as to die nature of any fungus-like 
dements in the spedmen. The alkali is replaced by laetophe^ Uue 
stain; a drop of stain is placed at one edge of the coverslip and the 
alkali is wididrawn at the othor side by application of blotting-paper, 
the process being continued imtii the lactophenol blue has entirdy 
replaced the colourless alkali. The slide is wanned gently and eiccess 
stain is removed by pressii^ lightly under blotting-paper. 

With specimens of hair, the size and arrangement of the arthrospores 
affords some indication of the variety of fungus. Thus, Microsponm 
spedes and T, mentagrophytes give sii^-spored ectothrix infections, T. 
verrucosum large-spored ectotli^ infections, and T. sulphureum and T. 
violaceum large-spored endothrix infections. In favus due t^ T. schom- 
lehd the infection is endothria and it is further distinguished by the 
presm» of air bubbles in the hair. \ 

Culture. — In artificial culture the dermatophyte fungi produce a 
variety of spore-forms additional to the arthrospores found in vivo. 
These indude small unicellular “microconidia” and large mmticellular 
“macroconidia” (Fig. 28). The genera are distinguished according 
to the morphology of their macroconidia, and the spedes according to 
other microscopic features and the naked-eye morphology of their 
colonies. 

Primary culture. Skin, hair and nail specimens are likely to bear con- 
taminating bacteria; these may be reduced by storage in paper envelopes 
for one or more weeks, or by immersion in 70 per cent, ethyl alcohol for 
2-3 min. Since the dermatophytes are aerobic, surface cultures are 
grown on agar slopes in tubes or vials stoppered with cotton-wool. 
Fungal growth is fevoured by a high sugar concentration and is relatively 
tolerant of addity. Sugar-containing media of low pH are therefore 
selective for fungi and restrain the growth of most bacterial contam- 
inants. Sabouraud’s glucose peptone ag^ at pH 5 '4 or malt extract agar 
at pH 5-4 are recommended. The malt agar may be made more selective 
for fungi by addition of 0*036 per cent, potassitun tellurite, and Sabou- 
raud’s medium may be supplemented with 10 mg. thiamine per 1. to 
promote spore formation in T. verrucosum, T. violaceum and 7. schoen- 
lemi. 

The fn^pooents of skin, hair or nail are planted with a firm straight- 
pointed wire. Nidrel-chrome wire SWG 18 is suitable for this and 
other manipulations of fimgi. After sterilisation by flaming, the wire 
must be given suffident time to cool, orhe cooled by pressing into the 
sterile medium, before being used to transfer fungal material. At inter- 
vals eff about 1 cm., three or four fragments are pressed into the surface 
of the agar so as to be partly submerged. The cultures should be 
incubrt^ at 28° €. and they can usually be identified wiffiin 2 wedta, 
but none should be discarded as negative until it has been incubated for 
at least 3 weeks. Incubation at room tempoature (20° C.) is adetfuate, 
but less sadafactory than incubadon at 28° C. The cultures dKnud be 
exaowied every three or four days for the appearance of growth around 
the et^es of the implanted spec^en. The fungal colony spreads out- 
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wards over the medium and usually extends beyond any ctmtamkiating 
bacterial growriL Material shoold be taken from near the edge of the 
colony and transplanted to a fresh sU^ in order to obtain a pnte 
culture; a single spedc of materid is planted in the middle of the slc^ 
to yield a giant colony suitable for observation of ndced-eye morpholo^. 
Material from the primary culture may also be subcultivated by Ridd^’s 
slide culture method to facilitate observation of its mlcrosa^MC mor- 

NeJted-eye exammoHon of morphology of cohmes. — ^The texture ami 
colour of the colony are observed on both its upper and lower sides, and 
note should be taken of any diffusible pigment entming the medium. 
Most species form large, spreading filamentous colonies and the rhi^id 
hyphal outgrowth may give the appearance of radial striation {p.g. in M. 
catds). The filamentous structure of the vegetative mycelium is usually 
soon obscured by a velvety, cottony or powdery covering of aerial 
mycelium and spores. T. verrucosum, T. violaceum and T. schoenUm are 
exceptionally slow growing and form compact bacteria-like colonies 
which are at first smooth and waxy, and later become corrugated and 
covered with a sparse velvety growth of aerial mycelium. In most 
species the colonies ultimately develop some degree of pigmentation, 
commonly cream-pink, buff or yellow-green, though non-pigmented 
variant strains may be encountered. T. rubrum is distinguished by its 
formation of a red pigment (brown to rose-purple) which colours the 
underside of the colony and sometimes the aerial mycelium, and rarely 
diffuses into the medium. T. violaceum forms a deep violet pigment 
mainly confined to the colony. The colony of T. sulphureum ch^ges 
from white to sulphur yellow as the spores are formed, and its centre 
eventually becomes folded and crateriform. White variants of this 
species have been termed T. tonsurans. The colony of T. mentagrophytes 
becomes covered with buff-coloured spores and forms a brown-red pig- 
ment which difiuses for a short distance into the agar. Microsportm 
colonies become covered with buff-coloured spores, whilst the underlying 
medium is tinted yellow-orange by M. cams and salmon-pink by M. 
audouitd. The colony of E. floccosum is green-brown and radially 
furrowed. 

Microscopical Examination of Culture. — h “needle-mount” is made as ^ 
soon as spore formation is sufficiently advanced at the centre of the * 
colony, ^me sporing mycelium is removed on the point of an inocu- 
lating wire and transferred into a drop of lactophenol bltie stain on 
a microscope slide. There it is teased out using two wires or dissect- 
ing needles. A coverslip is applied and excess stain removed after nome 
minutes by pressing down gently under blotring-papo-. The needle- 
mount b then examined microscopically, first with the low-pown: ol^ec- 
tive and then with the 4 mm. dry objective. . 

An alternative method of preparing a needle-mount avoids the tn^ 
ping o£ bubbles of air in ffie specimen. The fragment of ocdonbl 
loaterial b transferred to, and teased out in a drop of 95 per oecit. ethyl 
ricohd on a shde and, just before the alcrffiol has ewapora^ coa9pieb%i 
a drop oi bctc^fdMsnol tdue b adrbd and a ooverafip ap^ed. 
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A search is first made for the preseiM% of macrocomdia. Ttese are 
large, dimigated bodies Adiich are formed at the tips of certain hyphae 
and, when mature, are divided by visible transverse septa into several 
{e.g. 2-10) segments or cells. Those of Microsportm are largest, 
40-150/;* X 8-15 /li, and fiisiform with pointed ends. Those of Trieho- 
pif^Um are smallest, 10-50ju x 4-6^*, and generally cylindrical, though 
sometimes curved, with a rounded free end. Those of Epidemo^iyton 
are 30-40/* x 10/t, and pear-shaped with the narrow end attached to the 
conidiophore (Fig. 28). Unfortunately, macroconidia are rare or absent 
in Sabouraud agar cultures of certam species, e.g. M. audouini and most 
Trichophyton species. 



Macrocontdio of Trichophyton of Epidcrmophyion 

of Microsporum 



Rocducl myccHom Spiral Nodular orgon 

hypha 


Fig. 28 

Types of spores and abnormal mycelial forms found m artificial 
culture of nngworm fiingi. ( x 600.) 

The smaller mkroconidiu are usually numerous^ though they are tare 
or absent in T. verruco$tm^ T. vkhceum^ T. $cboe9Mm md Enfimcmm* 
Microconidia are single celb of dtam*i spherical, pear^dhapcd 
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or eloi^ted, and borne singly from the sides of the hyphae or in 
grape-like clusters on short stalks. Several species usually show a 
number of chlamydospores (e.g. T. sulphureum, T. veirucosum, T. viola- 
ceum, T. schomleim and E. floccosutn); these are large, roughly spherical 
cells with very thick walls and are borne singly in the length of the 
vegetative hypha, bulging to one side, or at its end. 

Slide Culture by RiddeU’s Method. — ^The fungus may be subcultivated 
on an agar block held between a slide and coverslip. This enables the 
arrangement of mycelium and spores to be observed undisturbed at 
various stages during the course of growth. Fill a Petri dish to the depth 
of about 2 mm. with Sabouraud’s medium (10 ml. agar per 9 cm. dish). 
When set, cut the agar into square blocks, 1 cm. x 1 cm., with a sterile 
blade. The dishful of blocks may be stored at 4® C. until required. 
Place an agar square on a sterile slide, inoculate a “needle-tip” of culture 
into the mid-point of each of its four edges and apply a sterile | in. 
coverslip to its upper surface. Place the preparation in an open rack 
within a large sealed jar containing some water with 20 per cent, of 
glycerol at the bottom (or several layers of blotting-paper soaked with 
20 per cent, glycerol). The culture is thus well aerated in an atmosphere 
that is kept humid to prevent drying. Incubate at room temperature 
or at 28° C. Each day or two, remove the slide culture from the jar and, 
without disturbing the coverslip, examine it microscopically with dry 
objectives. 

A stained preparation is made when the growth is sufficient, e.g. 1-3 
mm. wide, and adequate sporing has occurred. Remove the coverslip 
and discard the agar block without unduly disturbing the rings of growth 
which adhere to the slide and coverslip. Apply a drop of 95 per cent, 
ethyl alcohol to the growth on the slide (or coverslip); just before this 
dries, add a drop of lactophenol blue stain and gently apply a coverslip 
(or slide). After standing overnight, blot the excess stain from the 
edges of the coverslip and seal the preparation with cellulose lacquer. 


OTHER FILAMENTOUS FUNGI CAUSING SUPERnOAL 
INFECnONS 

Various other microbes cause superficial infections of man, invading the 
hair or the homy layer of the skin, though not necessarily digesting tihe keratin. 
They indude die ffiamentous fungi causing otomycosis and piedra (Piedraia 
hortai and Trichosporon beigeti), the yeast-like organisms Candida albicant and 
Makusemia furfur (p. 523), the yeast Pitryrosporum ovale (p. 517), and the 
bacteria Nocardia mnuiissima (causing erythrasma) and Nocar^ taunt 
(causing trichinocardiosis axillaris). 


AspergilluB £^>ecies Causing Otomyoods 

Fungal otomycous is a subacute or chronic infection of the akin of the 
external auditory meatus and is commonly associated with bacterial infection. 
dspergiUut mger and A. fiaous are the fui^ most frequendy present, bnt 
epedes of /^ni^/Zn(m,Af«eor and JiUsoptu occur in smne oases. Fordiagnods, 
2ic . 
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the mycelium or comdiopbore heads must be demonstrated in films of 
Mudate mounted in 10-20 per cent, sodium hydroxide. The species may be 
identified by culture on Sal^uraud’s medium. 


FILAMENTOUS FUNGI CAUSING DEEP INFECTIONS 
Broncho-pulmonary infections 

Various normally saprophytic species of Aspergillus, PemciUhm, 
Mucor and RMzopus are found in infections of the bronchi and lungs in 
man and animals. Aspergillus fumigatus is the most important of these. 
Birds, e.g. penguins, are especially susceptible to a primary and 
frequently fatal pulmonary aspergillosis. The infection maype acute, as 
in the commonly fatal Brooder pneumonia of chicks, or chrome, with the 
formation of yellow caseous nodules in the lungs. i 

In man, the fungal infection appears usually to supervene on a pre- 
existing pulmonary disease such as bronchiectasis, tuberWlosis or 
pneumonia. It occurs most frequently in agricultural workers Wd other 
persons who commonly inhale dusts of organic materials heavily con- 
taminated with fungus spores. The fungus may grow in the damaged 
bronchus or lung tissue so that it forms a compact mass of mycehum 
called a mycetoma. In some cases broncho-pulmonary infection with 
A. fumigatus causes an asthmatic disease with plugging of bronchi by 
exudate containing mucus, fibrin and eosinophils. I^ely, A. fumigatus 
produces a severe pulmonary infection that is apparently primary. 

Laboratory diagnosis. — Diagnosis depends on microscopical and 
cultural demonstration of the presence of abundant fungal elements in 
repeated specimens of sputum. The fungi are common contaminants in 
the home, hospital and laboratory, so that the occasional finding of a few 
fungal elements in sputum is of no diagnostic value. Since contamina- 
ting spores may germinate and the fungi overgrow other organisms, the 
examination of postal specimens or specimens stored at room tempera- 
ture is usually worthless. Storage, if unavoidable, should be at c. 4° C. 

The sputum should be examined microscopically not only in Gram- 
stained smears but also in unstained wet films. If no fungi are seen in 
these the sputum should be liquefied either by heating at 100° C. for 5 
min. after the addition of two volumes of 4 per cent, sodium hydroxide 
or by digestion with pancreatin; it should then be centrifuged and a wet 
film of the deposit should be examinedr 

Cultures of sputum should be made on two plates of Sabouraud’s 
glucose agar and two plates of blood agar containing 30 units of penicillin 
and 30 ng of streptomycin per ml. One plate of each kind should be 
incubated at 37° C., the other at room temperature or 28° C. Tubes of 
Sabouraud’s broth should also be inoculated if material on dry swabs 
has to be examined; after 3 or 4 days the broth cultures are subcultured 
on plates. 

A. fumigatus generally forms smoky-green colonies, but cultures from 
sputum or resected mycetoma sometimes yield white, very poorly 
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sporing colonies. For detailed information enabling the identification of 
A. fumigatus and other Aspergillus species the reader should consult 
Thom and Raper (1945). 

Precipitating antibodies to an antigenic extract of A.fumigtstsss may be 
demonstrated in the serum of patients by an agar-gel double Hiffnainn 
test. A positive result confirms the sig^cance of the finding of the 
fungus in the patient’s sputum. 

Farmer’s lung. This disease is the result of a hypersensitivr^ 
reaction in the lungs to antigens in dust from mouldy hay. It occurs in 
persons who are exposed to inhalation of such dust and who, on repeated 
exposure, develop increasing hypersensitivity. Ultimately a very limited 
exposure may cause severe pulmonary symptoms. 

The hay t^t is liable to cause farmer’s lung is hay that has become 
heated spontaneously to at least 50° C. during maturation and contains 
more thermophilic moulds and actinomycetes, and their spores, than 
good hay. Pepys et al. (1963) have shown t^t pure cultures of the 
diermophilic actinomycetes Thermopolyspora poly^ora and Micromono- 
spora vulgaris grown in sterilised hay produce antigens that react in agar- 
gel diffusion tests and immunoelectrophoresis tests with the majority (90 
per cent.) of sera from patients with farmer’s lung. Cultures of other 
actinomycetes, of fungi such as A. fumigatus and ^ucor pusillus, and 
of bacteria found in hay did not produce these Farmer’s lung hay 
antigens. When patients with a history of farmer’s lung inhaled an 
aerosol containing an extract of T. polyspora culture they developed 
within 5-7 hr. systemic and pulmonary symptoms resembling those of 
attacks of farmer’s lung. 

It has been proposed that farmer’s lung may be diagnosed by agar-gel 
precipitation tests made with the patient’s serum and an antigenic 
extract of T. polyspora, but a minority of false-positive and &lse- 
negative results may be given by these tests. 

Maduromycosis 

Mycetoma or Madura foot in man can be produced not only by 
actinomycetes such as Nocardia madurae, Noc. pelletieri and Strepto- 
myces somaliensis, but also by a varied of fungi including MadureUa 
mycetomi, M. grisei, Allescheria boydii {Monosporium e^iospenmm), ' 
Phialophora jeanselmei and Cephalosporium falciforme. These fungi are 
thought to occur as saprophytes in tfie soil and on vegetable matter, and 
to enter the tissues of the foot through thorn pricte and other minor 
injuries. For diagnosis, some pus is obtained from a sinus or aspirated 
from an unopened abscess. It is spread thinly in a sterile Petri dkh and 
searched for the presence of granules about 0’5-2‘0 nun. in diameter. 
Granules are mounted on a slide in a drop of 10 per cent, sodium 
hy^oxide, gently crushed under a coversUp and examined without 
staining. In addition, granules are crushed betwe^ two rildes and the 
slide preparations fixed by flaming and stained, one by Gram’s mdhod 
3nd the other by the modified Ziehl-Neelsen metho^ as in the di^^ 
nosis of actinomycosiB. The fungal granulm consist of a mass «f 
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hyphae 2-5/i. wide and thus are readily distinguishable from the 1 ju 
hyphae of actinomycetes. Chlamydospores may be present and the 
peripheral hyphae may bear “dubs” similar to ^ose in actinomycotic 
granules. Cultures are grown on Sabouraud’s glucose agar for at least 
three weeks at room temperature or at 22° C. ; granules washed in sterile 
saline are inoculated on a number of slopes. Monosporium apiospertmm 
grows rapidly as a white cottony colony in which ovoid conidia, about 
6x9 ft, are borne singly at the ends of conidiophores. Madurella 
colonies grow slowly and are dark grey or black in colour. 

Chromoblastomycosis in man is a chronic verrucous and granulomatous 
infection of the skin and subcutaneous tissue which extends slowly along the 
lymphatics. It occurs in North and South America, Russia, South Africa and 
Japan, and is caused by the filamentous fungi Hormodendrumlpedrosoi, H. 
compaetum and Pkialopkora verrucosa. These live saprophytiomy on wood 
and vegetation and are commonly introduced through the skin of the legs by 
an injury with wood. Pus or crusts from the warty lesions are excunined in a 
wet film with 10 per cent, sodium hydroxide. The fungi appear as spherical, 
dark brown thick-walled cells, about 5-10 (j, in diameter, occuring in small 
clusters and characteristically dividing by septation. Cultures are\ grown on 
Sabouraud’s glucose agar for at least three weeks at 22° C. Brown-black or 
green-black mycelial colonies slowly develop. They contain hyphae 2-3 n 
wide and characteristic conidiophores on aerial hyphae. The conidia are oval 
single cells, 1*5-3 fs x 3-6 n, but more nearly spherical in H. compaetum. P. 
verrucosa forms the conidia at the cup-like ends of flask-shaped conidiophores. 
Hormodendrum species produce these and also two other kinds of conidio- 
phores, one forming the conidia in branching chains from its end and the other 
bearing the conidia around its sides. 

MucwmycosiB. — ^Disease of animals, and rarely man, may be caused by 
certain species of Mucor, Absidta and RMzopus, the lesions being either granu- 
lomatous or ulcerative. 


PATHOGENIC YEASTS 
Cryptococcus neoformaos (Torula histol3rtica) 

C. neoformans is a true yeast which reproduces by budding and does 
not give rise to a mycelium or pseudomycelium. It occurs as spherical 
cells, 5-20 in diameter, Gram-positive and surrounded by a very wide, 
gelatinous capsule, which is visible in India ink preparations. It pro- 
duces sporadic, commonly fatal infections (cryptococcosis or torulosis) 
in man, dog, cat, horse, ox and pig. The infections are subacute or 
chronic, and most commonly affect the meninges and brain, though 
sometimes the lun^ or skin. In cattle, outbreaks of ci^tococ^ 
mastitis and metritis occur. 

Infection is not transmitted from man to man. Its source is unknown, 
but the infection may be endogenous, from animals and birds, or from 
the soil. C. neoformans is commonly present in the droppings of birds. 
Ciyptsoooccus strains have also been found on the skin and in the gut of 
kealdhy persons; these wore culturally identical with C. neoformans but 
mudi less pathogenic for experiment^ animals (mice). The yeast with- 
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Stands drying in SOU and dust, and it is thought usuaUy to enter the body 
by inhalation, but maybe sometimes through the sUn or int<«itrine- 
lAboratory Dit^paosis. — ^The specimens taken for exommatioo may 
include cerebrospinal fluid (or its centrifuged deposit), sputum, or pus 
from acneform skin lesions. These are observed microscopically, with 
condenser defocused, in an unstained wet film imder a coversiip and in 
a second wet film mixed with an equal volume of India ink. The 
presence of budding, thick-'walled, nearly spherical cells wilb cap* 
sules is diagnostic. The yeasts and their capsules stain strongly in tissue 
sections treated by the periodic acid Schiff method. 

Cultures are made on Sabouraud’s glucose agar at 37® C. and at 22® C., 
and on blood agar at 37® C., incubating for at least two weeks. Sputum 
and exudate contaminated with bacteria should be cultivated on the 
teUurite malt agar that is selective for the yeasts. Cultures are cream 
to light brown in colour, and become mucoid rapidly at 37® C. and 
slowly at 22® C. Before becoming mucoid, the colonies may be similar 
to those of Staph, albus. Films of the cultures show the capsulated yeast 
cells and no mycelium. 

The pathogenicity of a strain can be demonstrated by injecting mice 
intraperitoneally with 0’5 ml. of a saline suspension of an ii^ected 
exudate or a 1 per cent, (v/v) suspension of a pure culture. The mouse 
dies within three to four weeks with gelatinous masses of yeast in the 
abdomen and brain. 


Pityrosponun ovale 

P. ovale, or the “bottle bacillus”, is a small Gram-positive yeast. It is a 
common commensal of normal skin and occurs on dandruff scales, bong 
regarded by some authors as causative of dandruff and seborrhoeic dermatitis, 
though there is little evidence to support this belief. It is ovoid or flask- 
shaped, l-2|ax2-4/t, and reproduces by a process intermediate between 
budding and fission; the bud is separated from the parent cell by a septum 
formed across its relatively large base. The organism can be grown on nutrient 
agar smeared with butter fat which supplies oleic add. 


PATHOGENIC TEAST-UEE FUNGI 
Candida albicans (Monilia albicans, M. psilosis) 

Candida organisms grow partly as spherical or oval yeast cells (blasto- 
spores) 2*5-4*0 /i in diameter, which reproduce by budding, wd p^y 
as a pseudomycelium of non-branching filamentous cells which divtdie 
by constriction and give rise to yeast cells by budding from these 
division sites (Fig. 29). Both forms are thin walled. Gram-positive and 
non-capsulate. ^me of the yeast cells enlarge, form thi(^ walk and 
become resting ddamydospores 7—17 fi in diameter. Asoospoies ase 
never formed. An abundanm of eanly assimilable nutrients and 
sufHdent aeration encourages growth in the yeast form, whereas nutet* 
tionally poor media (e.g. com meal i^^) and poorly aerated conditiiMis 
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in cultures below the surface of agar or liquid media favour myCelial 
growth and chlamydospore formation. Conations in the body generally 
give both yeast and mycelial growth. 

Occurrence and pathogenicity. — C. albicans is the only important 
pathogenic species in the genus Candida. It is a common cause of acute 
and subacute infections (candidiasis, or moniliasis) in man, animals and 
birds. Other species of Candida include C. tropkaUs {MomHa Candida), 
C. pseudotropicaUs {M. mortifera), C. knisei, C. parahmsei {M. para^ 
silosis), C. stellatoidea and C. guiUiemumdv, these, like C. albicans, occur 
as commensals in the human and animal body, but they only rarely cause 
disease. C. tropicalis, however, has been found, apparently as the causal 
pathogen, in oral and vaginal thrush and, more rarely, in broncho- 
pulmonary infections, osteomyelitis, pyelonephritis and septicaemia. 



Candida qlbicons hyphac forming a ptcudomycclium 
and giving rise to budding ycast-like cells 
(blastospores) (x 1CX)0} 

Fig. 29 

C. albicans is pathogenic when injected intravenously in rabbits, 
guinea-pigs and mice. The other species of Candida are generally 
entirely non-pathogenic in laboratory animals. C. tropicalis, however, 
when injected in fairly large doses, is pathogenic in mice, though not in 
rabbits. 

In man, C. albicans produces superficial infections of the skin 
(cutaneous candidiasis) and mucous membranes (oral and vagina! 
thrush); it also causes broncho-pulmonary infections, secondary intes- 
tinal infections and, though much less frequently, septicaemia and deep, 
blood-borne infections, e.g. meningitis, endocarditis and pyelonephritis. 
Infection is generally dependent on a weakening of the body defence 
mechanisms, e.g. by diabetes, leukaemiar iron-deficiency anaemia, neo- 
natal debility, senility, alcoholism, drug addiction, antibiotic therapy and 
cortisone therapy. Infection of the skin is promoted by prolonged 
exposure to moisture and the lesions, characterised by nythema, exuda- 
tion and desquamation, are generally localised in damp folds (inter- 
triginous candidiasis), e.g. in the axillae, groin, infra-mammary areas, 
interdigital clefts, umbilicus and gluteal folds, and, in infants, in the 
napkin area; cutaneous candidiasis is also frequent in persons wh^ 
oocupaticMQs involve frequent immersion in water. Infection may in* 
volve the notZr and lead to chronic paronydiia and oonychia. 
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Oral thrush is especially common in infants; creamy white patches of 
exudate form on a red, raw, inflamed mucous membrane in the mouth 
and throat, and on the tongue. In adults, denture sore mouth and 
angular cheilitis may be caused by infection with Candida. 

Vaginal thrush (Candida vulvovaginitis) occurs commonly in preg- 
nancy, remitting after parturition, and in diabetes. Vaginal discharges 
due to infection with Candida generally contain little or no pus, 
and are relatively acid (pH 4'3-5-2), whereas discharges that are puru- 
lent and less acid (pH 5'2-6’4) are usually due to infection with TVtcAo- 
monas vaginalis or pyogenic bacteria, e.g. gonococcus, Strept. pyogenes, 
Staph, aureus and coliform bacilli (Boycott, 1961). 

Bronchial and pulmonary candidiasis may occur, with the production of 
mucoid, gelatinous sputum containing numerous Candida organisms. It 
must be noted, however, that C. albicans is commonly present in the 
upper respiratory tract as a commensal, and in the lower tract as a 
secondary invader, e.g. in pulmonary tuberculosis, bronchial carcinoma 
and bronchiectasis, so that the finding of Candida in a patient’s sputum 
does not necessarily indicate that it is the cause of the illness. 

Broncho-pulmonary, oral, vaginal, intestinal and septicaemic can- 
didiasis often follow the treatment of other infections (e.g. chronic 
bronchitis) with broad-spectrum antibiotics. The action of the anti- 
biotic in eliminating the normal commensal bacteria from the mucous 
membrane is probably responsible, at least in part, for the facilitation of 
infection with Candida. 

Avian moniliasis is an infection of the upper alimentary canal of chickens, 
turkeys and pigeons, the lesions being mostly confined to the crop and pro- 
ventriculus. Although usually of sporadic occurrence, epidemics of “thrush” 
with an average mortality of over 60 per cent, have occurred, the species 
responsible being Candida albicans and C. krusd. Moniliasis has occurred in 
pigs, probably as a result of feeding antibiotic-supplemented food, whilst in 
cattle thrush-like lesions have been observed in the rumen and intestinal 
mucosa. 

Source of Infection. — C. albicans is a common conunensal of man 
and animals , occurring in the mouth, nose, throat, intestine, vagina and 
skin; it occurs in the mouth and in the jpaeces of 20-30 per cent, of 
healthy persons. Infection is thus usually endogenous, but occasionally 
it is exogenous and contagious. Infants, for instance, may be infected 
from their mothers or from other infants during an epidemic in a mater- 
nity hospital. Artificially fed babies are more often affected than breast 
fed babies. Unless aseptic precautions are taken, infection may be 
spread among pregnant women by the obstetrician’s gloved hand. C. 
albicans is found on the bedding of patients and in the air, and it may be 
spread by contact or by air-borne infected dust. 

C. tropicalis, C. pseudotropkaUs, C. krusei, C. parakrusei, C. steUa* 
toidea and C. ^Uermondi have all been isolated from the human nose, 
throat, alimentary tract, vagina and slun, where th^ appear to be com- 
mensal. C. stdMoidea occurs frequently in the vagina and oreffira. 
These species probably also occur in many non-human sources, e.g. in 
vegetation. 
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Laboratory Diagnosis 

Since C. aJbicam commonly occu« as a commensal in the same 
situations as it causes infection, the mere demonstration of its presence is 
not proof of infection. This diagnosis requires demonstration that the 
organism is abundantly present on several occasions, and also the exclu- 
sion of other possible causative agents. Specimens must be examined 
with minimum delay to avoid multiplication of originally scanty, 
contaminating yeasts. 

Sputum and exudate, e.g. mucous patches from mouth or vagina, 
should be examined microscopically in Gram-stained smears and in un- 
stained wet films. Skin and nail scrapings are examined in a wet film 
with 10-20 per cent, sodium hydroxide. Budding yeast cells mixed with 
long filaments are indicative of a yeast-like fungus. The cells and fila- 
ments stain Gram-positively and they are clearly much larger (c.g. 2-4 
fold in diameter) than the commensal bacteria that are geiKrally also 
present in the specimens. \ 

For culture, exudate may be collected on dry swabs or, preferably, 
swabs soaked in Sabouraud broth. The cultures are grown on' plates of 
blood agar at 37° C. and on Sabouraud’s glucose agar at 37° C. and at 
22° C. Specimens of faeces or sputum should be cultivated on the 
selective tellurite malt agar or penicillin-streptomycin blood agar 
to control the growth of bacterial contaminants. In two to three 
days, large creamy bacteria-like colonies develop on the Sabou- 
raud’s medium and smaller grey colonies on blood agar. Thq culture, 
which has a characteristic odour, is examined in an unstained Wet film, 
or a Gram film, for budding yeast forms. A pure culture is isolated by 
picking a colony from one of the primary plates or, if necessary to ensure 
purity, from a secondary plating, and grown on a slope of Sabouraud’s 
glucose agar for 48 hr. at 37° C. The pure culture is then identified by 
the following examinations, which distinguish C. albicans from the other 
Candida species (see table). For further information on the identification 
of Candida spp., see Benham (1957). 

Examination of pure culture for identification of species.— (1) 
The naked-eye appearances of the 48-hr. Sabouraud slope culture are 
noted. Grovrths of C. albicans and most other Candida organisms are 
raised, white, moist and creamy; that of C. krusei is fiat and dry. 

(2) A portion of the culture is examined in a wet film vrith India ink to 
con&rm the yeast-like morphology and absence of capsules that are 
characteristic of Candida spp. The culture should consist mainly of 
round or oval budding cells (blastospores) with an occasional, usually 
short filament. The blastospores of C. krusei are longer and narrower 
than those of the other species. 

(3) A subculture is grovm in a tube of 10 ml. of Sabouraud’s glucose 
broth (pH 5*4) for 48 hr, at 37° C. The culture is examined for the 
presence of a pellicle on its surface. Cultures of C. tropicaUs and C. 
krusei form pellicles, but those of C. aWicems and otho: species do 
not 

(4) The pure culture or, preferably, its subculture in Sabouraud 
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broth is plated out on a blood agar plate (pH 7*4) and the plate incubated 
for 10 days at 37® C. The appearance of the colonies is noted; it is 
characteristic of the species (see p. 521), but experience is necessary if 
reliance is to be placed on this criterion. 

(5) The pure culture is subcultured twice or thrice on ordinary 
nutrient agar (no added glucose, pH 7*4) and material from the last of 
these glucose-free cultures is used to inoculate chlamydospore medium 
and sugar fermentation test media. 

(6) A test for the formation of chlamydospores and mycelium is made by 
growing a deep-streak culture of the organism for 2 days, or more, at 
18-22® C. in a plate of corn meal agar (Benham, 1931) or, preferably, 
zein agar (Reid, Jones and Carter, 1953), rice extract agar (Taschdjian, 
(1953) or rice starch and Tween agar (Taschdjian, 1957; Rosenthal and 
Furnari, 1959). Chlamydospores are produced more radidly (within 
24 hr.) and profusely on zein agar and rice agars than on com meal 
agar. A stiff wire bearing the inoculum is cut in strokes through 
the substance of the shallow layer of agar. As the cutture grows 
it is observed in situ under the low power (16 mm.) and I^igh power 
(4 mm.) objectives of the microscope, the whole plate being placed 
on the microscope stage. A filamentous pseudomycelium is formed 
by all species of Candida, but is absent in cultures of Crypto- 
coccus, Saccharomyces and other yeasts. C. albicans produces a well 
developed branching “tree-like” pseudomycelium which consists of 
hyphal ceUs, 2-3 wide, separated by transverse septa and which 
develops large spherical thick-walled chlamydospores, ^9 piicrons in 
diameter, at the tips of most branches, and clusters of smaller, oval, 
thin-walled blastospores (c, 2‘5 x 4 /x) at the junctions of the filamentous 
cells. Other species of Candida (except, occasionally, C. stellatoidea) do 
not form chlamydospores; the appearances of their pseudomycelia are 
given on p. 521. Candida organisms do not produce ascospores. 
Chlamydospore formation is considered to be the most important dis- 
tinguishing feature of C. albicans. 

(7) Fermentation tests are made in tubes of 10 ml. of nutrient broth 
(pH 7*2) to which a separately sterilised (20 per cent.) solution of sugar 
is added to give a final sugar concentration of 3 per cent. Bromothymol 
blue is used as indicator and Durham tubes are used to show the produc- 
tion of gas. The standard peptone water medium containing 1 per cent, 
of sugar is almost as satisfactory. The tubes are inoculated heavily from 
a culture on glucose-free nutrient agar and are incubated at 37® C. for 10 
days. Fermentation is usually apparerTt in 48 hr. 

C. albicans ferments glucose and maltose to give acid and gas, sucrose 
to acid only and fails to ferment lactose. Other species give different 
reactions, as shown on page 521. 

Widra (1957) has described a method in which the yeast is grown as a 
stab culture in phenol red agar base (Difco) containing 3 per cent, of 
SMnr. After inoculation, the medium is covered to a depth of 1-1 i cm. 

, melted Vaspar (one part of yellow petroleum jelly mixed with one 
' j jBUt of paraffin wax) and the tubes are incubated at 37° C. for 5 days- 
||\|^duction of add is shown by change of the indicator from orange to 
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yellow along the line of the stab and the production of gas is shown 
by the collection of bubbles under the Vaspar. Readings are made at 1| 

3 and 5 days since the rate of fermentation is significant in some cases. 
Thus C. tropicalis ferments sucrose within 24 hr., but maltose only in 
3-.5 days. 

(8) Pathogenicity is demonstrated by injecting a rabbit intravenously 
with 1 ml. of a 1 per cent, suspension of packed yeast cells in saline ; the 
animal dies in four to five days and small abscesses are seen throughout 
the cortex of its kidneys. Only C. albicans, of all the species of Candida, 
is pathogenic in the rabbit. 

Immunology. — Agglutinating antibodies are found in the blood of 
many patients. However, they are found also in normal persons, so that 
their demonstration is of little diagnostic value. The various species of 
Candida are closely related antigenically. By means of slide agglutina- 
tion tests with monospecific and absorbed antisera Tsuchiya et al (1961) 
have demonstrated the presence of several different kinds of thermo- 
labile and thermostable antigens in different species of Candida, some of 
which antigens are shared by most of the species. 

ChemoUierapy. Candida organisms are highly resistant to the anti- 
biotics used for the treatment of bacterial infections and they are liable to 
proliferate excessively during therapy with a broad spectrum antibiotic 
that eliminates the commensal bacterial flora. They are, however, sus- 
ceptible to the antibiotic, nystatin, produced by Streptomyces nmrsei. 
This is the drug of choice for the treatment of candidiasis. Administra- 
tion is usually topical: tablets are taken by mouth for oral and intestinal 
infections, and ointment and powder is applied to skin lesions. Nystatin 
is poorly absorbed from the intestine, but there have been reports of 
systemic, urinary and pulmonary infections responding to oral treat- 
ment. 

For further information on Candida albicans the reader should consult 
the book by Winner and Hurley (1964). 

Malassezia furfur. — ^This is a yeast-like fungus which causes the super- 
ficial skin infection known as pityriasis versicolor, a chronic asymptomatic 
infection producing irregular brownish and desquamating macules. Diag- 
nosis is confirmed by microscopic examination of skin scales mounted in 10-20 
per cent, sodium hydroxide; the fungus is seen as clusters of round, budding 
thick-walled cells, 3-8 fx in diameter, together with short fragments of my- 
celium. 


DIMORPHIC FUNGI CAUSING DEEP INFECTIONS 
Sporotrichum schenkii 

This fungus is the cause of sporotrichosis in man, horses, cats, dog^, 
rats and other animals. The infection is chronic, giving firm nodules in 
^he subcutaneous tissue with subsequent inflammation and ulceration of 
overlying skin, and ^read along the drainii^ lymphatics. Blood- 
home dissemination is rare, but when it occurs is often fatal. 
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Source of lafectioii. — ^The fungi» is primarily a a^rophytft, that 
grows on dead plant material and wood. It can also infect living plants, 
e.g. being commonly present on the thorny plant, berberis, and ia found 
in the soil and in dust on the coats of animals. Man and animals are 
infected from such contaminated materials through an injury to the skin, 
e.g. by an infected thorn or splinter of wood. Infection is most frequent 
in form workers, gardeners and manual labourers. Men are sometimes 
infected by contact with infected animals, and occasionally by an animal 
bite or sting, but natural spread from man to man has not been recorded. 
The infection is remarkably susceptible to treatment with potassium 
iodide. 

Laboratory Diagnosis. — The fungus occurs in the yeast form 
(parasitic phase) when in animal tissues. However, it can Rarely be seen 
in exudates and tissue sections from human lesions, so that direct micro- 
scopic examination of these is of no positive diagnostic value. 

In artifidal culture, the fungus grows in the yeast form n 37° C. and 
in the mycelial form (saprophjrtic phase) at 22° C. Pus swabned from an 
ulcer or, preferably, aspirated from an unruptured absces^, is heavily 
inoculated on to blood agar and Sabouraud’s glucose agar. After 2-3 
da 3 rs at 37° C. on blood agar, the colonies are moist, wrinkled and cream- 
coloured, and consist of Gram-positive budding yeast cells which are 
fusiform, cigar-like or oval in shape, and about 3-5 n in length. After 
3-5 days at 22° C. on Sabouraud’s medium, the colonies are small, white 
and waxy; later, they become wrinkled, membranous and pigmented 
cream, brown or black, but never develop a cottony aerial mycelium. 
These colonies are composed of a mycelium (2-3 /x diameter) bearing 
pear-shaped conidia (3-6 n long) which radiate from the tips of hyphae 
as a cluster or project from their sides as a sheath. 

Animal inoculation may be attempted. A suspension of pus or culture 
is injected intraperitoneally into mice. The animals develop peritonitis 
and the fusiform and oval yeast cells may be demonstrated both extra- 
cellularly and intracellularly in macrophages. 


Blastomyces dermatitidis 

This dimorphic fungus is the cause of North American blastomycosis, 
a chronic suppurative and granulomatous infection of man. Cutaneous 
blastomycosis is usually a primary infection of the skin; there is papule 
and pustule formation followed by ulceration and a slow peripheral 
spread in the skin, but no systemic dissemination. Systemic bUssUnny- 
cosis usually results from a primary infection of the lungs with sub- 
sequent blood-borne dissemination to the skin, subcutaneous tissu^, 
bones, kidneys, brain and other organs. Natural infections ako occur in 
dogs and horses. 

Source of Infection.— This is unknown. The fungus has not been 
found as a saprophyte in the soil or elsewhere, and apparently does not 
spread from man to man or from animal to man. It presumably enters 
t^ body by inoculation through the akin or by inhalation into the iungs> 
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Laboratoiy Dtapiosis. — ^Pus or tissue scrapings are examined 
microscopicaUy in an unstained wet film; this may be mounted with 10 
per cent, sodium hydroxide if the specimen requires to be rendered more 
transpwent When in tissues, thjs fungus occurs in the yeast form 
(parasitic phase) and is seen as thick-walled spherical cells which are 
8-15 fi in diameter, occur either free or wit^ phagoc 3 rtes, and on 
budding bear only single buds. 

In artificial culture the fungus grows in the yeast form at 37“ C. and 
in the mycelial form (saprophytic phase) at 22“ C. Growth is slow, 
tiing one to three weeks at either temperature. On blood agar at 37“ C. 
it forms wrinkled, creamy or waxy colonies consisting of budding yeast 
cells as seen in tissues. On Sabouraud’s glucose agar at 22° C. the 
colonies are initially like those of the yeast form, but eventually become 
covered with a white cottony aerial mycelium which later turns brown. 
The 22“ C. colony comprises a mycelium of broad, thick-walled and 
closely septate hyphae, later developing many round or oval conidia, 
3-5 ft in diameter, and eventually many smooth and thick-walled 
chlamydospores, 7-18 /x in diameter. 

If pus or culture is inoculated intraperitoneally in mice, the budding 
yeast forms are later seen in the peritoneal exudate. 

Paracoccidioides brasiliensis 

This dimorphic fungus causes South American blastomycosis, a 
chronic granulomatous infection of the skin, mucosae, lymph nodes and 
internal organs. The source of infection is unknown. It occurs chiefly 
in manual workers in rural areas and does not spread from man to man. 

Pus or tissue examined in a wet film with sodium hydroxide shows 
thick-walled yeast cells, 10-60 /x in diameter; some of these bear single 
buds, as in B. dermatitis, but others bear multiple buds radsating from 
their surface. After several days on blood agar at 37“ C. the fungus forms 
moist wrinkled creamy colonies of yeast cells. In two to three weeks on 
Sabouraud’s agar at 22° C. it forms white wrinkled cottony colonies 
which later turn brown; these consist of a septate mycelium bearing a 
few round or oval conidia. Pus and yeast-form cultures are pathogenic 
when inoculated intraperitoneally in mice; in five to six weete, nodules 
containing budding yeast cells are found in the mesentery. 

Histt^lasma capsulatiun 

This dimorphic fungus is the cause of histoplasmosb, a granulo- 
matous disei^ which occurs in man either as a primary benign, usually 
asymptomatic infection of the lungs, or, rarely, as a progr^ve, usually 
fatal systemic infection involving &e reticulo-endothelial tissues; in flie 
latter case the primary infection is often extra-pulmonary, e.;. in tiie 
skin, upper respiratory tract, moutii or intestine. The t&ease b 
endemic in the ^ssissippi vaU^, but sporadic cases occur throughout 
^ world. Natural infections al^ occur in cows, horses, dogs, csss, 
rodents and other animals. 
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Source of Infecttoii. — ^The fungus is found in the soil of efldemic 
areas, but whether it grows in the soil as a saprophyte or enters the soil 
from small infected animals, is uncertain. It has frequently found 
in the droppings of bats. I^ection seems mainly to occur by in^ation 
of infected soil dust. It does not spread from man to man. 

Laboratory Diagnosis. — ^The fungus occurs as the yeast form when 
in the tissues. Characteristically it is an iniracelhdar parasite of reticulo- 
endothelial macrophages. Smears of sputum, blood, sternal bone 
marrow, l 3 rmph-node pulp and mucosal lesion scrapings are stained with 
Giemsa’s stain. Numerous capsulate oval yeast cells, 1-5 ft, in diameter, 
are seen within the macrophages and a very few extracellularly (Fig. 30, 
left). 



Histoptosmo coptulotum icft,ycasHllcc edit in 
macrophage, right, mycelium from culture bearing 
microconidia and a tubcrcuiatc chlamydotporc (x 1000) 

Fig, 30 

sputum, gastric washings and other clinical specimens are cultivated 
on blood agar at 37° C. (or glucose blood agar containing penicillin and 
streptomycin to control bacterial contaminants, p. 769) and ^abouraud’s 
glucose agar at 22° C. On blood agar at 37° C., the colonies are moist, 
wrinkled and creamy, and consist of budding yeast cells. On Sabour- 
raud’s medium at 22° C., they are slow growing, cottony in appearance 
due to development of an aerid mycelium, white at first and later turning 
brownish; they consist of septate mycelium bearing small lateral conidia 
(2-3 ft, in diameter) and eventually form large round “tuberculate” 
chlamydospores, 7-15 fi in diameter; the latter are characterised by a 
covering of small rounded tubercles projecting from the outer surface of 
the thick spore wall and they are diagnostic of U. capsulatum (Fig. 30, 
right). 

The fungus is pathogenic to laboratory animals. Mice injected intra- 
peritoneally with infected material or culture die after varying periods of 
time. 

Immune and Hypersensitive Reactions. — ^Within a few weeks of first 
becoming infected, the patients develop complement-fixing antibodies in 
their blood and become hypersensitive to H. capsulatum antigens. 
Hypersensitivity is demonstrated by injecting intradermally OT ml. of a 
1 in 100 dilution of a standardised preparation “histoplasmin” ; this gives 
rise in 24-48 hr. to an area of induration more than 0-5 cm. in dia- 
meter. The significance of a positive histoplasmin reaction is analogous 
to that of a positive tubercuUn reaction, indicating present or past 
infection. Partial cross-reactions may be given with blastomyces and 
coeddioides antigens, which should therefore be tested simultaneously 
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for quantitative comparison. Surveys have shown that histoplasmosis is 
not endemic in Britain. 


Coccidioides immitis 

This is another dimorphic fungus and is the cause of coccidioido- 
mycosis, a granulomatous disease affecting man either as a primary 
benign, often as}rmptomatic infection of the lungs or, occasionally, as a 
progressive and fatal infection that disseminates to lungs, skin, bones, 
meninges and other organs. Coccidioidomycosis is endemic in the arid 
south-west of the United States of America, and also occurs endemically 
or sporadically in various other parts of the world. Natural infections 
occur in rodents, dogs, cows and sheep in endemic areas. 

Source of Infection. — The fungus occurs in the soil in the endemic 
localities, perhaps being a soil saprophyte or perhaps being derived from 
infected animals. Infection probably occurs in most cases by infected 
soil dust being inhaled into the lungs or introduced through injured skin. 
It does not appear to spread from man to man or from animals to man. 
The arthrospores formed in artificial cultures readily become airborne and are 
highly infective, so that infection is liable to occur in laboratory workers 
unless special precautions are taken. 

Laboratory Diagnosis. — ^The fungus occurs in the tissues as non- 
budding, spherical thick-walled sporangia. These are 20-70 n in 
diameter and contain numerous small spherical endospores (2-5 
diam.). The spores are liberated by rupture of the sporangium and sub- 
sequently themselves develop into sporangia (Fig. 31, left). Sputum and 
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CoccMIoldfs \rt\m\W% left, mature ipherule containing 
endosporet and immature spherules as found in tissues; 
right, mycelium segmenting to form arthrospores 
in culture. (x500) 

Fig. 31 

Other infective materials from patients are examined in wet films with 10 
per cent, sodium hydroxide in order to demonstrate these forms. 

When infected materials are cultivated on blood agar at 37® C. and on 
Sabouraud’s glucose agar at 22® C., the growth is mycelial in both cases. 


very thidt-walled and are highly irfective (Fig. 31, right). 

Cultures and infected exudates are pathogenic for mice and caiiac 
demonstrable infection one to two weeks after intraperitoneal itgectkm. 
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Immune and Hypersensitive Reactions , — Pwipitins and completoent- 
fixing antibodies appear in the patient's blood in severe primary infec- 
tions. Hypersensitivity to C. immitis antigens appears during the first or 
second week of severe or mild illness. Intradermal injection of 0*1 ml. 
of a 1 in 100 dilution of standardised **coccidioidin" gives rise to an area of 
eiythema and induration of at least 0*5 cm. in diameter. Patients with 
disseminated coccidioidomycosis usually fail to give a reaction. A 
positive coccidioidin reaction has a significance analogous to that of a 
positive tuberculin reaction. 


Rhinosporidium seeberi 

Rhinosporidiosis is a chronic polyp-forming infection of th|b submucous 
tissue of the nose, eyes, ears and larynx, and occasionally of thd genitalia and 
skin. It is commonest in India and occurs sporadically in man, horses and 
cows. The source of infection is unknown, though persons swimming in 
rivers and stagnant water arc frequently infected. The causative organism, 
Rhinosporidium seeberi^ has not been cultured, but its appearance in tissues 
suggests that it is a fiin^s. For microscopic diagnosis, material i^aken from 
a polyp and squeezed in water between a slide and coverslip. Free thick- 
walled spherical spores about 5-7 in diameter are seen and various stages of 
their growth into spherical sporangia of 200-‘300 ft diameter. The sporangia 
contain thousands of spores and eventually release these by bursting at a pore. 
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CHAPTER 41 


PROTOZOA 

MALARIA PLASMODIA; BABESIAE; 

TRYPANOSOMES; LEISHMANIAE; 

INTESTINAL PROTOZOA 

Protozoa are the lowest and simplest of animals; they are unicellular 
but may display a considerable measure of differentiation and possess 
such specialised structures as undulating membranes, cilia, and flagella. 
A number of protozoa are parasites of man and domestic animala and 
of these the malarial parasite, trypanosomes, amoebae, leishmaniae, 
toxoplasmae, and trichomonas are the most important. The immu- 
nology of protozoan infections is not yet well understood but during 
recent years new serological techniques have been applied to the study 
of these diseases and for further information and a full bibliography on 
this subject the reader is referred to Fulton (1963). 


THE MALARIA PLASMODIA 

Malaria is a protozoal disease of man in which the causative organ- 
ism, Plasmodium, invades certain tissue cells and red cells of the blood. 
Analogous diseases occur in other animals but as far as is known their 
plasmodia are non-infectious to man. An exception may be those 
infecting certain chimpanzees which appear to be closely related to PI. 
malariae of man. 

Malaria is an illness with intermittent pyrexia, splenic enlargement 
and response to alkaloids of the cinchona group and other drugs. It 
occurs widely thoughout the world in areas where there is a mean annual 
isotherm of more than 16® C. (60° F.) suitable for the breeding of a lar^ 
number of anophetine mosquitoes and a dense population of susceptime 
human hosts, as an endemic disease with periodic exacerbations. The 
great advances in the practical control of malaria which have taken place 
have altered the natural history of the disease in many areas but left it 
unaffected in others. Where ^ere is little or no control the disease is 
characterised by a high morbidity and relatively low mortality directly 
attributable to mal^ia. It has, however, far-reaching effects because cff 
flic lowered resistance of those affected to other diseases. 

Infants are infected at an early age and throughout their lives nuw be 
repeatedly reinfected; many die during early igp dther directly or ftmn 
intercurrent disease. Those who survive have a variable d^ee of 
immunity together with proliferation of the reticulo-endotheliai systcan 
^ud splenic enlargement. Thus the frequency of «ilar^ed spleen is a 
useful indication of the degree of infecdon in a co mmuni^ . 
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There are four well-defined species of malaria plasmodium infecting 
man. Plasmodium vtvax is responsible for benign tertian malaria and is 
the most widespread, Plasmodium falciparum is the cause of malignant 
tertian malaria, Plasmodium tnalariae of quartan malaria and Plas^ 
modium ovale^ the least frequently found, is a cause of some infections 
in Africa. 

Plasmodium knowlesii^ a natural cause of chimpanzee malaria, may be 
capable of transmission to man and may be a reservoir of human 
infection. 

These plasmodia belong to the order Haemosporidia of the class 
Sporozoa. They have a sexual cycle with sporogony in the mosquito, 
and an asexual cycle with schizogony in man. A number of different 
phases occur, three in man. The complete life-cycle requires alternation 
between the two hosts. I 

Some features of the malaria parasites can be observed in unstained 
preparations but the features of importance in the diagnosis of malaria 
are best seen in preparations with one of the Romanowsky stains, e.g. 
Leishman’s. \ 

Outline of the Life History of the Malaria Plasmodium, — It is intro- 
duced into the body by the bite of the mosquito {vide infra) as a minute 
spindle-shaped motile cell, or sporozoite, containing nuclear material in 
the form of a chromatin granule. The sporozoite rapidly leaves the 
general circulation and invades tissue cells, particularly those of the 
liver, to commence the pre-erythrocytic phase of the asexual cycle. In 
these cells the sporozoites develop into large schizonts which divide to 
form merozoites and these are liberated when the host cell bursts. Some 
merozoites initiate the exo-erythrocytic phase by parasitising other tissue 
cells; others invade red cells to start the erythrocytic phase and enter the 
circulation (Fig, 32). In the red cells the merozoites grow at the expense 
of the cells to form a trophozoite and altered blood pigment accumulates 
as brownish granules. It may display amoeboid movement and protrude 
pseudopodia. More than one trophozoite may attack a single corpuscle. 
The corpuscle may show considerable alteration in size as the trophozoite 
develops. The trophozoite tends to assume a characteristic ring-form 
due to the formation of a vacuole-like structure, with the chromatin 
granule at one side, so that the whole organism resembles a signet-ring. 
When fully grown it is more or less rounded, and may appear to occupy 
the greater part of the corpuscle. These mature trophozoites usually 
contain a considerable amount of blood pigment. 

When fully developed, the trophozoite becomes a schizont, and 
schizogony takes place. The pigment accumulates towards the centre, 
the chromatin breaks up into smaller particles, the protoplasm sub- 
divides and forms a number of small round or ovsd merozoites (about 2 
in diameter) each containing a fragment of the original chromatin. The 
residual protoplasm and pigment remain the centre of the group ol 
merozoites* The number of merozoites resulting from schizogony variei 
wiA different species. Finally the individual merozoites sr< 
Uborated as free structures in the blood. The merozoite attacks anothei 
red and thus the asexual cycle is repeated* 
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c . \Modified £eom BbtcUock uui Southwell A Oidde to Human Parmitobgy, iMi 
“^tion (1958). Lmidoii: Lewla. 
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In Phsmodium vivax and Plasmodium nudariae infections exo. 
erythrocytic schizc^ony carries on in parallel with erythrocytic develop, 
ment and frequently persists for long periods after the parasite has left 
the peripheral blood. This leads to long latent periods and relapses as 
eiythro%tic invasion is always liable to occur. In Plasmodium falci- 
parum infections exo-erythroc)^ic schizogony does not persist along with 
erythrocytic development so that once the erythrocytic parasite has been 
eradicated relapse does not occur. 

The length of time the organism takes to complete the asexual cycle 
varies with the species: 

Plasmodium vivax Two days. 

Plasmodium malariae Three days. 

Plasmodium falciparum One or ijwo days. 

If the majority of the parasites in the body mature at the same time 
schizogony will be synchronous and fever, possibly rigol will occur; 
thus in PL vivax infection the febrile paroxysm occurs every second day 
(tertian malaria) and in PL malariae infection every third qay (quartan 
malaria).^ This clinical picture is now relatively rare however, especially 
as a result of extensive drug treatment and prophylaxis, and maturation 
is asynchronous and fever irregular. Multiple infection with the same 
species may take place and more rarely more than one species may infect 
the same individual. 

In malignant malaria the parasite leaves the peripheral blood before 
it becomes a mature trophozoite, and schizogony occurs, as ja rule, only 
in the blood of internal organs. 


Differentiation of the Malaria Plasmodia 

While some of the organisms develop into schizonts, others become 
gametocytes. In the case of Plasmodium vivax and Plasmodium malariae, 
these are rounded and about the same size as a mature trophozoite. The 
gametocytes of Plasmodium falciparum are sausage-shaped or crescentic, 
with the envelope of the corpuscle stretched across the poles of the 
crescent. Male and female gametocytes are distinguished, and desig- 
nated respectively micro- and macro-gametocytes, the former generally 
smaller tlm the latter. The female form of Plasmodium faldpanim is 
narrower than the male. The micro-gametocyte, as compared with the 
macro-gametocyte, contains a nuclear-structure that is relatively large, 
diffuse and often disposed across the body in the form of a spindle. The 
protoplasm stains faintly and the pigment is diffuse. In the macro- 
gametocyte the protoplasm stains dark blue, the nucleus is small, com- 
pact and often peripheral in situation; but in the female gametocyte of 
Plttsnodium falciparum the nucleus is situated centrally with the pi^ent 
accumtilat^ round it. 

* The term* “tertian" and “quartan” are derived from tiie occunwioe ^ 
auGceaaive attacks on the third and fourth days leepectivdy, counting the day of ^ 
previous attack as the first. 
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P* vivax 
(Benign tertian) 

P. malariae 
(Quartan) 

P. falciparum 
(MaUgnam) 

Asexual Ufe*cycle 

4S hours 

12 hours 

24 to 48 hours 

Trophozoites in 
fresh unstained 
preparations of 
Mood . 

Not refractile, hyaline, 
not easily observed; 
usually one organ- 
ism only in red cell; 
active movement 

Refractile, 
‘^frosted-glass” 
appearance ; 
more easily ob- 
served; less 

amoeboid and 
active 

Small, about ^ ot 
^ of diameter 
of red cell; 
often more than 
one Ofganfttu in 
cell; active at 
first 

Pigment in tro- 
phozoites 

Fine, yellowish- 
brown, and evenly 
distributed 

Coarse, brownish- 
black 

Scanty, fine 

Ring forms 

(stained pre- 
, parations) 

Large, irregular, not 
well defined, about 
\ diameter of red 
cell; usually single 
chromatin granule 

Thick round rings, 
about 1 dia- 
meter of red 
cell; often in the 
form of equator- 
ial bands 

Small, multiple, 
thin; often 2 
chromatin gran- 
ules; often situ- 
ated at the edge 
ofred cell; about 

1 or i dia- 
meter of red cell 

Red cells (stained 
preparations) . 

Swollen, pale, showing 
deeply stained rose 
to purple points, 
“SchOffner’sdots” 

Not altered 

Shrivelled, deeper 
colour, but may 
be swollen and 
pale; may have 
a few deft-like 
irregular purple 
dots, “Maurer’s 
dots” 

Schizonts (stained 
preparations) . 

Large, mulberry-like; 
about same size as 
red cell; 12-25 oval 
merozoites 

Small, “daisy- 

head’*-like ; 
smaller than red 
cell; 6-16 round 
merozoites 

Small; segments* 
tion irregular; 
8-32 (usually 
12) very small 
merozoites ; 
rarely seen in 
peripheral blood 

Gametocytes 

1 

Rounded ; macro- 
gametocyte about 
one and a half times 
the size of red cell 

Rounded; about 
the same size as 
red cell or 
smaller 

Elongated, cresc- 
entic or sausage- 
shaped 


These gametocytes remain unchanged in the blood until it is with- 
drawn from the body, e.g. by the mosquito or when a drop is exposed to 
air and transferred to a warm stage for microscopic observation. In tl^ 
stomach of the mosquito the following changes occur. The gametocytes 
of the crescoit type become rounded. The female gametocytes undergo 
“maturation” by the formation of one or two “polar bodies” which 
contain part of the original nuclear chromatin, and are protruded and 
detached. The mature macro-gametocyte constitutes tihe macro- 
gamete. From the cell, four to eight flagella-like structures «re 
quickly protruded (“exflagcllation”); these tatlotug, slender processes 
with somewhat enlarged free ends, each containii^ a chrcnnatin grannie 
derived from the parent nucleus, and are the micrO'^Sametes; are 
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ultimately detached, and move with a kind of lashing motility. A'micro. 
and a macro-gamete unite to form the zygote udiich develops movement 
(odkinete), elongates slightly and penetrates the stomach wall, embed- 
ding itself under the outer layer or between muscle fibres; it becomes 
spheroidal, forms an encysting membrane (odcyst) and increases in size 
until it projects into the body cavity; division into rounded sporoblasts 
(or sporoblastoids) occurs, and these divide again into the spindle- 
shaped sporozoites, thousands of which are formed from the original 
odcyst. The cyst ultimately ruptures and the sporozoites are set free in 
the body cavity and settle in the salivary gland, from which they are 
injected with the salivary secretion when ^e insect bites. This phase in 
the life history is that of sporogony (as contrasted with asexual schizo- 
gony in the human subject) and takes seven to ten days under favourable 
temperature conditions. 1 

Plasmodium ovale resembles Plasmodium malariae, but\the erythro- 
cjrtes are often markedly enlarged, oval in shape, show \an irregular 
outline, and exhibit to a marked degree stippling (Schuffoer’s dots) as 
seen in the benign tertian form of malaria. The schizont comprises six 
to twelve merozoites. The illness is tertian in periodicity. The infec- 
tion has been transmitted experimentally by the bite of Anopheles 
maculipennis. 

Certain other supposed sub-species of Plasmodium have also been 
described. 


Laboratory diagnosis 

It cannot be too strongly stressed that in the early stages of a primary 
attack of malaria, particularly malignant tertian infection, the clinical 
picture is quite unlike that classically associated with malaria; it may 
simulate any other febrile disease. Meticulous care in the preparation 
and staining of blood smears is important if scanty or delicate tropho- 
zoites are not to be missed with serious consequences to the patient. 

Thin Blood Films. — Two or three films are made on microscope 
slides or |-in. square No. 1 coverslips, which have been carefully 
cleansed and polished with a smooth cloth. Slides are generally 
preferred for the purpose as they are more easily handled than cover- 
slips, though with skill better blood films can be made on coverslips. 

Films on Slides . — The blood is obtained by puncturing the lobe of 
ihe ear, or the finger close to the base of the nail. The needle is sterilised 
by flaming or by some other eflicient process and the area to be punc- 
tured is cleansed with 70 per cent, alcohol or 90 per cent, isopropyl 
alcohol. Touch the exuding drop of blood with the surface of a slide 
close to one end ; place the narrow edge of a second slide, kept at an angle 
of 45°, on tihe drop of blood and allow the blood to spread out across the 
slide in this angle before drawing out tfie film; now spread the blood 
uniformly on the slide in the form of a thin film (see Fig. 33). 

Films on Coverstips , — ^Touch the drop of blood (obtained as above) 
with the surface of a coverslip held by the edges between the thumb and 
first fingo: of one hand, and place a second coverslip over the first so that 



DIAGNOSIS OF MALARIA S3S 

the drop spreads out between them. Then, at once, take the second ^p 
by the edges between the thumb and forefinger of the oAer Kan<^, gad 
sUde the two apart without exerting pressure 

The films are allowed to dry, and are then fixed and stained with 
Leishman’s stain. They are mounted and examined, first with a dry 
|-in. lens, and later with the oil-immersion objective. In apamlimg fhr 
crescents it is advisable to use the former. The 4-in. oil-immersion lens 
if particularly useful for this purpose. 

It is essential that the film should be well stained; otherwise it is 
useless searching for the parasite. A valuable guide is the staning of the 
leucocytes in the film; if this is satisfactory, malaria parasites should be 
detectable. 



Thick Blood Films. — As a routine measure, and especially when 
the organisms are likely to be scanty, thick films should be prepared and 
examined. A large drop of blood is deposited on a slide, and spread with 
the head of a pin in the form of a thick film about | in. in diameter, the 
density being such that the hands of a watch can just be seen through the 
film; it is thoroughly dried, e.g. in the incubator. The unfixed film can 
be stained by Field’s stain (p. 668) or for thirty minutes in Leishman’s 
stain diluted one part in twenty with distilled water buffered at pH 7-2. 
Dilute Giemsa’s stain may also be used. Alternatively the haemoglobin 
is removed by treating with acid-alcohol (alcohol 50 ml., hydrochloric 
acid 10 drops) or a mixture of 4 parts of 2-5 per cent, glacial acetic add in 
distilled water and 1 part of 2 per cent, crystalline tartaric acid in distilled 
water, and then washing in water. The film can now be stained by 
Leishman’s or Giemsa's stains. 

Fresh Preparations of Blood.— A drop of blood is deposited on a 
slide, covered with a coverslip, and the edges of the glass are smeared 
with vaseline to prevent drying of the film. A warm-sti^ apparatus 
should be used during the microscopic examination. 

Only stained films are examined as a rule in routine work. Th^ 
should, if possible, be taken during the pyrexia and no anfi-malariu 
drugs should have been administered beforehand. The organisms can 
he recognised by their various characteristic appearances, and it is 
possible to determine the species or type present (see p. 533). It 
®u8t be remember^, however, that the young trophozoites of tite three 
^es may be almost indistinguishable from one another, and if <mly 
young forms are present in the film* it may be didjcuH to deterndne the 
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species. To inexperienced workers, artificial appearances m&y tome- 
times simulate malaria parasites, and a blood platelet overlying a red 
corpuscle may be mistaken for a young form of the plasmodium. In 
some cases prolonged search may be required. It is advisable, in 
searching thin films for scanty nudaria organisms, to examine particu- 
larly the edges of the film ; parasites may be more numerous there than in 
the centre. The thick-film method greatly facilitates the detection of 
the parasite. The absence of parasites during an apyrexial interval by 
no means excludes malaria and repeated examination of films may be 
required before the diagnosis can be established. 

Malaria organisms can sometimes be detected in films from bone 
marrow aspirated by sternal puncture, and in some cases ^is method may 
be used for diagnostic purposes. 

For further reading see Shute & Maryon (1959). 


BABESIAE (or PmOPLASMS) 

These protozoal organisms (classified with the Sporozoa) produce disease 
in various domestic animals, but are not known to infect the human subject. 

They invade red blood corpuscles like the malaria plasmodia, and multiple 
infection of these cells is characteristic. The individual organisms are 
generally pyriform bodies about 2 jit to 4 /x in length, containing a well-defined 
chromatin structure. The central part of the organism often stains less deeply 
than the periphery, and ring-forms like those of the malaria parasite may be 
observed. Some species show small rod-shaped forms. Multiplication 
occurs by binary fission, and pairs of individuals partially attached to one 
another may be seen inside the red cells. For microscopic demonstration, 
blood films are stained by a Romanowsky stain, e.g. Leishman’s or Giemsa’s. 
These organisms are usually transmitted by ticks, of which the eggs may 
become infected. For detailed information regarding the biology and life- 
cycle of these organisms, one of the works on protozoology should be con- 
sulted. 

Babesia bigemma causes Red Water fever of cattle, Babesia cams Biliary 
fever in dogs and Babesia (or Theilerta) parva East African Coast fever in 
cattle. 


TRYPANOSOMES 

Protozoa of the class Mastigophora. Infection with these organisms 
is designated by the general term Trypanosomiasis. 

Three species wUch are pathogenic~to man have been described: 
Trypanosoma gambiense and Trypanosoma rhodesiense of AMcan Sleeping 
Sic^ess, and Trypanosoma crusi of Brazilian trypanosomiasis (Chagas* 
disease). It is doubtful whether the first two are separate species. The 
last-named is smnetimes classified in a separate genus, ScMsoitrypanum. 

The organisms of African trypanosomiaris are transmitted by the 
tsetse fly (filossina spp), and the disease is limited to areas where the 
vector occurs, between dbout 15® N. and 25® S. During development of 
the disease the patient has febrile periods before becoming apathetic and 
sleepy by day (Sleqiing sickness). Without treatn^nt paralyW develops 
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later and the patient dies. There are clinical differences between t 3 rpical 
cases of Ewt African trypimosomiasis (T. rhodesiense) and those of West 
African disease {T. gambieme) but frequently the demarcation is not 
clear cut. 

The flies bite mainly during the daylight hours: after inoculation 
of the parasites there is local multiplication and sometimes irritation 
but this often passes unnoticed and the trypanosomes invade the 
blood. They may be seen by microscopic examination oi the blood 
at this sta^ in infections due to T. rhodesiense but very rarely vdxen T. 
gambiense is responsible; in the latter infection adenitis is more common 
and examination of gland juice obtained by needle pimcture will reveal 
the trypanosomes. In both forms of sleeping sickness the central 
nervous system is involved, within a few weeks in T. rhodesiense infec- 
tions and after 6 months or more in T. gambiense infections. Changes in 
the cerebrospinal fluid occur and demonstration of the trypanosomes 
may be possible. Diagnosis may be obscured by insufiicient treatment 
or chemoprophylaxis. 

The trypanosome has a definite cycle of development in both human 
and insect hosts. The cycle in the tsetse fly follows ingestion of the 
trypanosomal (blood) form from a human host and leads to the develop- 
ment of the metacyclic form in the salivary glands rendering the saliva 
infective for new hosts by inoculation into the wound when the insect 
bites. There is a definite barrier to development in the fly and the 
percentage in which the trypanosome succeeds in establishing itself is 
low. Prevention is possible by the local destruction of the tsetse fly in 
areas where it is known to occur. 

Infection with Trypanosoma cruzi occurs in parts of Central and 
South America. This organism develops in the hind-gut of the insect 
vector (winged bugs) and is transmitted by their droppings being 
deposited on mucous membranes — e.g. the conjunctivae. Young 
children are most frequently infected and the disease is seen in the acute 
form with fever, adenitis, progressive anaemia and a characteristic 
oedema of one eye. In the chronic form cardiac symptoms pre- 
dominate because of a parasitic myocarditis. The trypanosome is 
readily found in the blood in the early stages, but disappears as the 
disease becomes chronic and penetrates tissue cells where it assumes a . 
leishmanial form (1-5x4 ^) and forms c)rst-like agglomerations. 

Trypanosoma gambiense 

Biological Characters . — This organism is an elongated, sinuous, fusi- 
form structure, 12-40 long by 1-5-3 (i broad, with a longitudinal 
undydating membrane, and a flagellum projecting from one end. It Is 
motile and, in moving, the flagellum is anterior. In stained preparations 
two nuclear structures are noted, the larger or trophonudeus sitnated 
about the middle of the organism, and the smaller micro- or kineto- 
nucleus (or kinett^last) at the posterior end. The latter stains decffly 
and is surrotmded by an unstained halo. Two constituent structures 
^ve been distinguisbed in rite kinetoplast: a granule (bfasphateplast) 
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from which the axoneme arises (vide ir^a) and the “parabasal" body. 
Chtomatin-like granules are seen in the protoplasm independently of the 
nuclei. From the blepharoplast arises a filament, the axoneme, which 
forms the free edge of the undulating membrane and is continued into 
the fiagellum, forming its central core. This structure stains like chro- 
matin. Morphological variation (polymorphism) is noted among in- 
dividual organisms, some being relatively long and slender with long 
"free” fiagella, other shorter and broader and with a short flagellum or 
lacking a free flagellum (Fig. 34). Intermediate forms are also observed. 
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Fig. 34 

Forms of Trypanosomidae. 


Multiplication is by longitudinal fission. 

Cultivation of trypanosomes. See Chapter 47. 

Pathogenesis. — The infection is transmitted mainly by Ghssina 
palpalis and by G. tachinoides', possibly wild animals are reservoirs of 
infection but transmission is largely from man to man. Shortly after 
blood from an infected person is ingested by the insect, transmission is 
possible in a mechanical fashion. A later stage of infectivity occurs after 
about 20 days; the trypanosomes have multiplied in the intestine and 
passed to the proven-triculus, the salivary gland and proboscis. Multi- 
pljring in the insect, the organism may show considerable change of 
form. Crethidial forms, in which the Kinetoplast is anterior to the 
nucleus, occur. From these crithidia in the salivary gland the so-called 
“metacyclic” forms develop, i.e. resembling the short and broad try- 
panosomes seen in the blood (vide supra). The fly does not become 
infective until the metacyclic forms are present in the salivary gland. 

In man fever may develop within a few weeks of infection or may h^ 
long delayed; trypanosomes may be so scanty in the blood as to be very 
dimailt m find. The superficial lymph ^ands, e.g. posterior cervical) 



TRYPANOSOMES 


539 

become enlarged, and trypanoaomes can be demonstrated by puncture 
and aspiration with a syringe. In the advanced stages of the disease, 
when the characteristic lethargy has developed, the parasites can be 
detected in the cerebrospinal fluid. 

Monkeys injected with infective material develop a disease which is 
more or less similar to human trypanosomiasis. 

Guinea-pigs can be infected, and trypanosomes appear in consid«- 
able numbers in the blood, but the infection is either unassodated with 
any obvious pathological condition, or the resulting disease is very 
chronic in its course. 


Trypanosoma rhodesiense 


Associated often with a more acute form of Sleeping Sickness than 
that produced by Tryp. gambiense. There is evidence of the existence of 
a wild animal reservoir in Tragelapkm (bush buck) and perhaps oAer 
antelopes; transmission is probably often directly from the rraervoir to 
f pan by various Glossina spp,, morsitans, swamertoni, pallidipes and 


fuscipes. . . , j 

Morphologically it resembles Tryp. gambiense, but, m an tnoculated 
animal, a certain number of the trypanosomes (about 5 per cent.) show 
the trophonucleus situated posteriorly near the kinetonucleus (“posterior 
nucleated” forms). 

This organism is also stated to be more virulent to laboratory ammate. 
The question whether or not it represents a separate species is still 
unsettled, and it has been pointed out that Tryp. gambiense may also 
exhibit posterior nucleated forms in inoculated animals, though this is 

infrequent. • , • . .r ^ 

It has been supposed that this orpmsm may be identical with 2 ryp. 
brucei, the organism of Nagana, but it has been shown by inoculation of 
man that Tryp. brucei is not pathogenic to the human subject. 


Trypanosoma (or Schizotrypanum) cruzi 

The cause of human trypanosomiasis in Brazil (Chagas’ dise^). . 

Its first development after infection occurs in the endothelial and 
tissue cells of internal organs, in the muscles and in the h^ waU. It is 
non-flagellate at first, and resembles Leishmama {vide tnfra). It ^y, 
however, appear in the blood as a t 3 q>ical flagellate trypanosome with a 
very prominent kinetonucleus. . . • *i. 

Certain other vertebrate hosts harbour the orgamsm, e.g. the 

armadillo and opossum. „ , , 

It is transmitted by Reduviid bugs, e.g. Panstrongyjus meg^ (sto. 
Conorhinus m^istus). TTiese bugs arc readily infect^ cxpenmentalty, 
unlike Glossina flies with African trypan^mes, md may be used m 
laboratory diagnosis of Tryp. crusn infections by allowmg Ihran to feed 
on suspect cases, and recovering the tiypanosome from th^ dn^^ings 
(xenodii^nosis). 
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Varioua laboratory animals are susceptible to experimental inocula- 
tion, e.g. guinea-pigs, white rats, monkeys. 

Laboratory Diagnosis 

Examination of the Primary Lesion. — This is of no great practical 
value as the lesion is not often noticed, but if it is, fluid from it may be 
examined for trypanosomes as detailed below. 

Microscopic Examination of the Peripheral Blood. — Aa trypanosomes 
are scanty in the early stages and especially in Tryp. gambiense infections 
“thick films” are prepared and stained by Leishman’s stain as in malaria 
diagnosis {q.v.). Unstained (“wet”) preparations of the bdood may be 
examined with advantage. j 

A method of concentrating trypanosomes in the blood has been 
applied as follows: 5-10 ml. of blood are withdrawn from aWein into 20 
nd. of 1 per cent, sodium citrate solution, and the mixture isi centrifuged 
for about ten minutes; the plasma and the leucocyte layer on the surface 
of the blood sediment are withdrawn and re-centnfuged ; this\is repeated 
two or three times ; the deposit is examined, in the form of fresh prepara- 
tions and stained films, after each centrifuging. 

Examination of Gland Juice. — If superficial lymph glands are 
enlarged, puncture and aspiration with a syringe may be carried out, and 
the “juice” examined microscopically. The syringe should be perfectly 
dry if this procedure is to be successful. 

Examination of the CSF — In the lethargic state, 10 ml. 6f cerebro- 
spinal fluid are withdrawn, and centrifuged for 15-20 min. ; the deposit 
is then examined either in the form of a fresh preparation under a 
coverslip ringed with vaseline, or in stained films. 

Animal Inoculation. — Blood, gland “juice” or an emulsion of an 
excised gland injected into a guinea-pig may yield a positive diagnosis 
where other methods fail. The blood of the animal is examined, in fresh 
preparations of stained films, at daily intervals after the inoculation. 

Culture. — ^Material obtained as for animal inoculation may be 
cultured in suitable media such as NNN medium. 

TypoiKMOflaiaais of Animals 

Trypanosome infections occur in a variety of animals. Different spedes of 
trypanosomes are recognised. These have the general characters of the genus 
as described in the case of Tryp. gambiense", but show variations in certain of 
their characters. 

Tryp. brucei is the organism of Ni^ana or Tsetse Fly Disease occurriim m 
horses, other equidae, dogs and cattle in Afiica; it is transmitted by Glossma 
morsitttHS a^ certain other species of Glossina. It is sluggish in movement 
and corresponds in its morphology with Tryp. rhodeaetue {vide suprd), showing 
posterior nucleai^ forms. 

Tryp. vioax, called in virtue of its active ^veinent, and Tryp. eongo- 
lense |»Muce itffecdons in domesticated animals in Africa and are transmit^ 
by tletse flies. I> 5 ^. two* possesses a “free” flagdlurn. Tryp.eoMgoleHseis^ 
organism (^18 n loi^) and has no free flagellum. 
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Tryp. eqmmm is the organism of Mai de Caderas, a South American 
disease of horses. A feature of the organism is the inconspicuous kineto- 
nucleus which stains feebly. 

Tryp, evtoui is the organism of Surra affecting domesticated animals 
(including camels) in various parts of the world. It is actively motile, with a 
free fiagwum and a blunt posterior end. It is conveyed mechanically by 
Stomoxys and Tabanid dies. 

7Tp»p. equiperdum occurs in horses, produdng the disease known as 
Dourine; the infection is transmitted by coitus. The organism shows a firee 
flagellum and is very similar to Tryp. evansi. 

Tryp. Umd is an exceedingly common blood parasite of rats, and is world- 
wide in distribution. It is an actively motile, narrow trypanosome, wiffi a 
pointed posterior end and anteriorly a free flagellum. The kinetonucleus is 
rod-shaped and stains deeply. It produces little disturbance in the health of 
the host. Infection is transmitted b^ rat fleas. 

Tryp. theUeri occurs in cattle in South Africa. It is unusually large 
(25-70 n in length). The flagellum is free. It is possibly transirutted by a 
Tabanid fly. The pathogenicity of this organism is doubtful. 

For further details of the pathogenic trypanosomes see Wenyon 
(1926) and Faust & Rtissell (1964). 


LEISHMANIAE 

These are pathogenic protozoa with certain biological relationships to 
the trypanosomes. They are parasitic in man, dogs and a number of wild 
animals. Sandflies are intermediate hosts and vectors. There are 
complex relationships between host, parasite, vector and environment 
producing a varied epidemiological picture. In man leishmaniasis is 
either (a) Visceral {Kala Azar), due to Leishmania donovasd ocpurring 
predominantly in children in North Africa, and in both children and 
adults in parts of East Africa, the Indian sub-continent and the Far- 
East, or {b) Cutaneous {Oriental sore or Tropical sore), due to Lei^unama 
tropica which predominates in the near and middle east, and Muco- 
cutaneous {Espundia or Uta) due to Leishmania brasiUemis in South 
America. 


Leishmania donovani 

Visceral leishnumiasis (Kola Azar) is a disease with a leiqpthy 
mcubation period, insidious onset and a chronic course with much 
involvement of the reticulo-endothelial system as shown by leucopoenia, 
anaemia and enlargement of the spleen and liver. The mmrtali^ of the 
fully developed disease is high but the use of residual insecticides in 
r^ent years has much reduced the incidence. Transmission of the 
disease is by the sand-fly (PiUe&ofoimaspp.). Hot and moist condittcmst 
such as are found along great riven in south Am favour the vector and a 
crowded pq)ulatkm ensures spread of the disease which in the past 
periodically assumed qpidemic proportirms. 



542 


MEDICAL MICROBIOLOGY 


When the insect ingests infected blood the organisms become ’trans- 
formed to leptomonads in the gut of the vector and undergo multiplica- 
tion, ultimately migrating to the buccal cavity from which they are 
inoculated when the insect bites another person. 

Lei^knutma donovam is t 3 rpically intracellular in the tissues, situated 
in the endothelial cells of the spleen, liver, bone marrow and lymphatic 
glands. It may also be found, though infrequently, in large mononuclear 
cells in the peripheral blood. One endothelial cell may contain a 
considerable number of organisms. 

In morphology it is a round or oval organism about 2-5 im in its 
longest diameter. Sometimes in films from the blood in the spleen and 
bone marrow, torpedo-shaped forms are seen. 

Stained with a Romanowsky stain, two nuclear st^ctures are 
observed, one large and rounded (macronucleus), and thelother small, 
deeply staining, and rod-shaped (kinetoplast). As in the trroanosomes, 
this latter structure consists of a parabasal body and a prolongation 
corresponding to the axoneme (rhizoplast). The protoplasm may be 
vacuolated {vide supra). The organism multiplies by binar)\ fission. 

Cultures can be obtained from the spleen on NNN medium 
incubated at 20“-24'’ C. In culture the organisms increase in size and 
elongate; the kinetoplast becomes situated at one end, and from it a 
flagellum arises. No undulating membrane develops. Thus, Leish- 
mania in culture assumes the biological characters of a leptomonad. 

Monkeys and dogs can be infected experimentally. The Chinese 
hamster {Cricetulus griseus) is susceptible to inoculation and has been 
used for experimental studies. 

In certain parts of the world human leishmaniasis is associated with 
the same infection among dogs which may act as reservoirs of the 
disease. 

Laboratory Diagnosis 

Gland Puncture . — Gland “juice” is aspirated from the inguinal or 
femoral lymphatic glands; Aims are made and stained with Leishman’s 
stain as in malaria diagnosis. This method gives excellent results in a 
large proportion of cases and is without risk to the patient. 

Bone-marrow Aspiration (from the sternum or tibia). — Films are 
prepared from the marrow and stained as above. 

Spleen Puncture . — Fluid is aspirated from the enlarged spleen with a 
fine hypodermic needle attached to a dry syringe and films are prepared 
as above. The procedure is not without risk in inexperienced hands and 
liver puncture is preferred. 

Culture . — ^Aspirated spleen, bone marrow, or gland “juice” is cultured 
on NNN mediuiD. 

Blood Films (Thick ). — ^These are prepared as in malaria dia^osis. 
This method is sometimes successful, especially in India, but is too 
unreliable for routine diagnosis. 

Any one of the above methods may be negative while others are 
positive and, for tests of cure, as wdl as diagnous, it is therefore 
advisable to use more than one method. 
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Exppritnental inoculation — in monkeys or hamsters — ’With tihe 
material obtained by spleen, gland, liver or bone-marrow puncture, 
though of value for experiment^ work cannot be regarded as a ptactical 
method for routine purposes. 

Leucopenia is invariable in uncomplicated kala-azar and there is a 
relative lymphocytosis. 

The aldehyde recution has also been used in the diagnosis of the 
disease. For this purpose about 5 ml. of blood are withdrawn and 
allowed to clot. The serum is separated and to 1 ml. are added 2 drops 
of commercial formalin. A positive reaction is indicated by an im- 
mediate opacity, followed within thirty minutes by the development of a 
firm white gelatinous coagulum (like boiled egg albumin); mere jellifica- 
tion is not accepted as a positive result. This method is commonly used 
in India, but it has been found unreliable in the diagnosis of kala-azar in 
other countries. 

The complement-fixation test is sometimes of definite value; the 
antigen can be prepared from cultures of the organism. 

Leishmania tropica 

In cutaneous leishmaniasis there are single or multiple indolent 
ulcers on exposed surfaces of the body; there is no systemic involvement 
and the infection spontaneously disappears in a few years leaving dis- 
figuring scars. 

The parasite is found in a wide variety of mammals which act as 
reservoirs of human infection which is more common among children. 

This organism is similar to Leishmania donovani and shows the same 
intracellular distribution. Besides the characteristic oval forms, elon- 
gated organisms may be noted. In culture on NNN medium lepto- 
monas forms develop as in the case of Leishmania donovani. Monkeys 
and dogs can be infected experimentally. Transmission is probably by 
Phlebototnus papatasii and Phlebotomus sergenti. 

Diagnosis . — Films are made from the scrapings from the sore 
(preferably at the margin) after carefully cleansing the surface and 
removing the surface discharge. They are stained wi£ Leishman’s stain. 

Leishmania brasiliensis 

South American muco-cutaneous leishmaniasis (Uta, EspundU or 
Forest yaws) is a chronic ulceration of exposed parts of the body and 
secondary ulceration may occur in mucosae of the mouth and upper 
respiratory tract. The disease is mainly contracted in low lying forest 
regions by adult males since they are more frequently exposed. 

The organism is morphologically indistinguishable from L. donooam 
but is antigenically distinct. It is found in the edges of the early 
cut^eous ulcers but is later scanty, and also in the r^onal l 3 rmph nodes 
draining the ulcer. The mucosal lesions are secondary to blood spr^ 
and the parasite can usudly be seen in preparations made by scratching 
the intact mucosa around the lesion. 
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Montenegro's test is a skin test in which 0*1 ml. of a suspensum of a 
culture of L, brasUiensis is injected intradermally. Infected cases give a 
reaction in 48-72 hours. Alternatively a pol 3 r 8 accharide antigen isolated 
from the organism may be used. 


THE INTESTINAL PROTOZOA 
Entamoeba histolytica 

Of half a dozen species of amoebae found in the human alimentary 
tract only one is pathogenic, namely Entamoeba Mstolyticai the causative 
organism of amoebiasis. llus disease varies from a mildlplic to acute 
dysentery with necrosis and ulceration of the large bowel, me passage of 
blood and mucus in the stool and occasionally perforation! Metastatic 
complications after l)rmphatic and blood stream invasiommay follow 
with the formation of amoebic abscesses in the liver, braiiiy and lungs. 
In contrast to bacillary dysentery the incubation period is measurable in 
weeks rather than days; the onset of symptoms is usually more gradual 
and the character of the stools differ from those of bacillary dysentery. 

Biohgical Characters . — ^The two “types” or races of amoeba are the 
small (average size 9-15 n) and the large (average size 18-30 fj). The 
vegetative forms are rounded, elongated or irregular amoebae. The 
cytoplasm consists of a clear hyaline ectoplasm, and a granfular, often 
vacuolated endoplasm, but this differentiation is not always readily 
observed. In their most active condition the amoebae show flowing 
movements of their protoplasm and rapidly protrude and retract pseudo- 
podia, which may be composed at first mostly of ectoplasm. These 
movements lead to changes in shape and also to active progression, often 
likened to the motion of a snail. The nucleus is round or oval, and in the 
unstained condition is not easily distinguished. It is situated in the 
endoplasm, usually excentric in position. It is poor in chromatin, and 
the nuclear membrane is thin. The chromatin granules are small, and 
are collected in a ring just inside the nuclear membrane. The nucleus 
shows a small central karyosome. The amoebae ingest red corpuscles, 
leucocytes and tissue cells, which are observed in the endoplasm, but 
ingest^ bacteria are less frequently found. The ingested erythrocytes 
appear smaller than normal. The vegetative forms after leaving the 
body tend to became rounded and inonobile, and soon die and dis- 
int^ate. Multiplication is by mitotic binary fission. 

Under certain conditions encystment occurs. Cysts arc sphor^. 
with a thin, hyaline, refractile cyst wall, which gives them a distinct 
double contour. The contents are finely granular. The average 
diameter is 6-11 /i for the small race and 11-18 /a for the large. The 
cysts usually contain multiple nuclei, not more tium /our, a glycog^ 
tarn, and also thick rod-shaped or oval structures wbit^ stain de^ly 
snth faaematoxylin and are ewed “chromatoid bodies” or “chromidial 
bars” (see Fig. 35). 
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The cyst# are developed by division of the vegetative form hito 
Pffi iiilM- and rounded “precystic” forms. 

The newly formed cyst has only one nucleus, which later divides into 
two, with further division to four. The glycogen mass is best seen in 
young cysts, stainii^ brown with iodine, but is apparently used up as the 
cyst matures. In unstained preparations the chromatoid bodies appear 
as refracdle structures. 

Methods of microscopic demonstration and staining are refmed to 
under dysentery diagnosis. 



K3DINE STAINED 

Fio. 35 

Stages in the development of Entamoeba hxttolytica and Entamoeba eoK. 


PathcMeneais. — ^In the early stage of amoebic djwntery the vegeta- 
tive forms are present in considerable numbers in the large inl^tuw am 
in the stools. They penetrate the mucosa of the large bowel and di^ 
integrate the tissue by their pseudopodia and possibly also ^ nitons or a 
liquefying ferment The submucosa U invaded, and, occm^ty, mm 
veins are penetrated from which the amoebae may be caring to Ae 
In the bowel, oval or irr^lar ulcers are dmlop^w^ undemamw 
edges, which may sometimes lead to perforation of the bowd ^ ^ 
resulting peritonitis. Other complirations are stneture, mtussu^s^lKm 
and fistulae. Unless secondary imection occurs there is 
tory reaction (cf. bacUlary dysentery). Inyi^n 
through the portal circulation and results m lob^ necr^ 
with abscess formation (“tropied abscess ), whu^may eatem i ^ Jte 
pentoneal or pleural cavities or into lum. ^ 
a slimy chocolate cc^iHiied pus consisting of necrotic tgaue and sMte W 
hlood with rdativdy fow leucocytes or pus cells, 'm amoeBia ate 
2m 
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found mainly in the wall of the abscess and may not be seen in the pus 
when it is Sist evacuated; no cysts are found in these tissues. 

C^t$ may be detected in the stools, often in large numbers, either in 
chronic cases or asymptomatic carriers. After apparent recovery a 
patient may remain a carrier. The cyst represents a resting phase with 
increased powers of resistance to survive outside of the body and is the 
form in which the organism is transmitted from person to person, 
although it is possible in rare instances that immediate ingestion of food 
or drink contaminated with fresh amoebae could cause infection. 

Epidemiology. — Entamoeba histolytica is found in the intestine of 
man and a number of other mammals, the most important of which are 
the monkey (many species) and the rat {Ratios norvegicus). The life- 
cycle is relatively simple dternating between trophozoites and cystic 
forms, only the latter being of importance in the spread! of infection as 
the trophozoite is highly sensitive to environmental influences outside of 
the host, especially oxidation and drying. The cysts are discharged with 
the stools but only those in the quadrinucleate state are infective when 
swallowed by new hosts. Those that pass the hazard of the gastric 
juices hatch in the small and large intestine to form trophozoites. In the 
majority of individuals so affected the trophozoites remain free-living in 
the lumen of the intestine and it is from these that cysts are formed in the 
largest numbers, up to 50,000,000 a day. Such large numbers may 
however alternate with small numbers so that they may be difficult to 
demonstrate. The cysts are viable outside the body, provided they are 
kept moist, for several weeks in faeces at room temperature and for 
several months in water and sewage at low temperatures. Most modern 
sewage schemes will kill cysts but cesspools will not. 

The most important sources of the cyst are chronic cases or asymp- 
tomatic carriers of the protozoa since in the acute tissue invasive stage 
cysts are not formed. Such persons are found widely distributed in 
tropical, sub-tropical and temperate regions though their numbers vary 
with the sanitary conditions of the community. Thus in underdeveloped 
areas 50 per cent, or more of persons may harbour the organism whilst in 
the United Kingdom the figure is less than 5 per cent. Amoebiasis 
however is confined to tropical and sub-tropical regions so that factors 
promoting invasiveness of the parasites must be peculiar to these areas 
Thus the state of nutrition of the host and his resistance may be of 
importance though there is little clear evidence of any relationship 
between these and the prevalence of the disease. Foreigners, especially 
Europeans, entering an endemic area of dysentery are highly susceptible 
to infection. The qualitative nature of the diet may be important since 
communities having a high starch diet may have high carrier rates but 
a low incidence of clinical disease. 

Thus it is becoming increasingly clear that Ent. Mstolvtica exists m 
both comm^iinsal and pathogenic forms. This diflference may be 
ccnrelated size so that small amoebae are believed to be non* 
pathogenic and some, though not all, of the large ones pathogenic. 
Wheffier non-patbogenic commensal forms become pathqgmic or 
etitirdly different strains is unknown (Hoare&Nea!^ 1955). Tbeamorf>*® 
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from cMcs of amoebic dyaenteiy are invasive whilst those from healthy 
carriers are not These “carrier” str^ cannot be enhanced in vku- 
lence ^ihou]^ attenuated >^rat strains may be restored in vfrfedence 
by passage. It has been maintained that the associated bacteria) flora of 
the gut plays a part in invasion of the tissues by amoebae otherwise not 
invasive and this is substantiated by the benefic^ elSects of antibacterud 
antibiotics in the treatment of intestinal amoebiasis, and the neoestdty of 
the presence of bacteria in cultivating amoebae under IsbtNratory con- 
ditions. 

Prophylaxis.— This involves the enforcement of good general sani- 
tation and personal hygiene in the community. Water supplies must be 
efficiently filtered and faeces disposed of so that water and food cannot 
be contaminated. The preparation of food must be carefully supervised 
so that wherever possible it is cooked, and special attention paid to 
vegetables and salads which may have been cultivated on contaminated 
soil. Food-handlers must be regularly examined for intestinal infection 
and hand-washing after defaecation strictly enforced. 

Cases of dysentery may be isolated but as they are not highly infective 
in the acute phase it is more important to ensure that they are thoroughly 
treated to prevent chronic disease and the development of the carrier 
state. Carriers when diagnosed may be treated with antibiotic drugs, 
e.g. tetracyclines. 


Labturatory Diagnosis of Amoebic Dysentery 

Collection of Specimens of Stools. — The stool should be exasnmed as 
soon as possible after being passed and while still warm. This is most 
successfully done by looking at the freshly passed stool in a bed-pan and 
selecting for examination a portion that looks suspicious such as blood- 
stained mucus which is characteristic of the acute stage of the infection. 
Alternatively the specimen, unmixed with urine, may be collected in a 
faeces specimen tube provided with a cork carrying a metal spoon or 
scoop which fits into the tube, and by means of which faecal matter may 
be collected. A satisfactory alternative is the Universal container. 

Swabs taken directly from the ulcers in die colon or fragments of ’ 
tissue from the edge of the ulcer taken during sigmoidoscopy offer the 
best chance of finding the amoebae in chronic cases. 

Microscopic ExammatioH . — ^This requires care and considerable mc- 
perience for reliable results. A microscope slide is gently warmed over 
the Bunsen flame, and on the middle of one half of the slide a large drop 
pf normal saline solution is placed and, on the other, a drop of Lugol’s 
iodine. A loopfiil of the mucous disdiarge or the stool is anulsified in 
the saline drop and another loopful in the iodine solution. (A prepara- 
tion in 1 per cent, watery eosin also assists in the dMection of protozoa,) 
tf specks of blood-stained mucus are observed in the specimen) these 
should be examined. The preparations are covered with No. 1 oover- 
ips, and eiGimined first wim the low-poyirer objective and then with the 
-m. and, ffnecessfuy, the oil-immersion lens. Itisadvantt^^BOustous6» 
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a “warm stage” attached to the microscope in examining £re8h {mepara- 
tions for amoebae (Clmpter 44). Phase-contrast microscopy is specially 
applicable for demonstrating cytological features of the protozoa. 

Vegetative amoebae can usually be recognised without difficulty. In 
the saline preparations EttUmoeba fmtoiytica may often be identified by 
its active charactmstic, amoeboid movement and ifie inclusion in the 
c 3 rtoplasm of numerous red corpuscles. On the other hand, immobile 
vegetative amoebae without ingested corpuscles present considerable 
difficulty in their identification. Large phagocytic cells (macrophages) 
may be found in dysenteric stools, and may be mistaken for immobile 
amoebae by inexperienced workers. They often show vacuolation, and 
may even contain red corpuscles. They are practically immobile, and 
the nucleus, unless degenerate, occupying one-fourth or one-fifth of the 
whole cell, is definitely larger than ^t of an amoeba, ana is not of the 
ring-lilm or “vesicular” type. This distinction is seen m the iodine 
preparation. In a heat-fixed film these macrophage cells and their nuclei 
can be stained with methylene blue, while amoeba^ cannot thus be 
demonstrated. \ 

The differences in the morphology of protozoal cysts as seen in 
iodine-stained preparations makes it possible to diagnose amoebic 
dysentery in the absence of motile amoebae. It must, however, be 
emphasised that considerable experience is necessary before the labora- 
tory worker can distinguish pathogenic from non-pathogenic cysts, and 
that it is often a difficult matter to make this diagnosis with certainty. 

Where pathogenic amoebae cannot be detected, the Microscopic 
examination of a wet film of the faeces often yields information of 
diagnostic importance. In a case of bacillary infection there is usually an 
abundant and characteristic cellular exudate. The cells present are 
mostly pol 5 nnorph leucocytes with a varying number of red cells, and in 
the early stages, numerous epithelial cells. In addition to these, macro- 
phages are frequently a characteristic feature of the exudate. The 
leucocytes, as a rule, show marked degeneration. 

In amoebic dysentery there are few leucocytes unless the case is 
complicated by bacterial infection. Other characters of the amoebic 
exudate are pyknotic bodies, sloughed mucosal cells, altered erythro- 
cytes, eosinophils, goblet cells and Charcot-Leyden crystals. 

This microscopic examination is therefore an important step in 
diagnosis: the ffiidmg of the characteristic Ent. Mstofytka establish^ a 
diagnosis of amodbic dysentery, while sui abundant cell exudate and the 
absence of amoebae would infficate bacillary dimentery. 

This provisional diagnosis enables a report to be rnade at once as to 
the nature of the dysentery, so that treatment can be initiated vdthout 

Where no amoebae can be found, and if a diagnosis of bacillsq' 
dysentery cannot be established, it is essential that further microscopic 
examinatioiffi be cvried out before amoebic infection is exduded. 

DmonstraUon of Amoebic CysU by ike Flotation Method (Faust et el-, 
1939).— A dense, but finely ffividM, watery suapmaton of IseMs ^ 
ptepaeed in a mortar and then strained through previously wetted wire 



NON-PATHOOENIC AMOEBAE 5# 

Mfusit, suspwirion is centrifuged for five minutes at 2000 to 3000 
r.p.in. itt a conic^ tube. TTie contents of the tube except the lowest indi 
of depoMt are discarded and to the r^due, zinc sulphate solution cf sp. 
gr. 1‘25 is added in fractions, thorough mixing being effected by stirrilig 
with a glass rod. The mixture is fimlly centrifuged for three minutes. 
At this stage the C 3 «ts float to the surface and are concmtrated there, A 
loopfiil of the surface scum is removed and mixed on a slide with a 
loopful of Lugol’s iodine, a cover-slip is superimposed and the pttpara- 
tion is examined microscopically. 

Stained preparations are of assistance in the identificatioa of intestinal 
amoebae. Fil^ are made on cover-slips from the stool and are fixed 
“wet” by floating the cover-slips (film downwards) in a fixing solution 
consisting of 2 parts saturated perchloride of mercury in saline, with 1 
part absolute idcohol. They are then stained with iron-haematoxylin. 

An alternative method is that of Dobell, in which the preparation is 
mordanted with ammonium molybdate and then stained with an aqueous 
solution of haematoxylin. 

Serological Dth^norir.— rComplement-fixation tests can occasionally 
be of value in the diagnosis of extra-intestinal amoebiasis but the sera of 
many patients tends to be anti-complementary and the test is difficult to 
perform and interpret. The antigen, from Ent. histolytica must be 
satisfactorily prepared and the possibility of there being strains of 
differing antigenic structure indicates the desirability of a polyvalent 
antigen-preparation. 

Cultivation. — Ent. histolytica can be cultured artificially by the method 
of Boeck and Drbohlav or a modification of their method (Chapter 47). 

No&opathogenic amoebae 

EtOamodM coU. — A. non-pathogenic intestinal amoeba which, in 
diagnosis, must be carefully differentiated from Ent. histolytica. 

The v^etative forms closely resemble those of Ent. histolytica, but the 
cytoplasm is not so distinctly differentiated into endo- and ecto-plasm. 
The pseudopodia are small and blunt and not so refractile as those of 
Em. histolytica. The nucleus is usually central in porition, easily dis- 
tinguishable, rich in chromatin nffiich is sometimes arranged in quadrant 
form, and has a thick, refractile, nuclear membrane. The karyosome is 
well marked. Amoeboid movement is n^l^le or sbtgguh. It has been 
generally agreed that no ingested red cells are seen in the cytoplaMn 
(when tl^ organism is noted in a case of dysentery). It has been pointed 
out, however, that in vitro this organism can ingest red cells as readily as 
Ent. histolytica. Bacteria are ingested often in large numbers. The cysts 
ve larger (15-30 fi) than those of Ent. histolytica, the (^st wall is ffiick, 
and there may be more than four nuclei, e.g. frequently eight. No bar- 
slwped chrmnatoid boffies are observed in the fully developed CfMs 
which occur in the faeces. 

EndoUmax usme.— -A frequent non-pathogenic intestinid lanoeba. 
i he v^etatitr* form ia 10 ft in diameter or lesa. In unMained prepan^ 
, uons the nucleus is not diattnct, but when stained by h a ema tc a qto It 
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is «^y demonstiated* and shows a huge, irregular, excent^ karyo. 
some. 

Hie cysts are oval, and about the same size as the v^etative fona. 
They contain one, two or four small nuclei, but no chromatoid bodies, 

lodmaaAa bSttMH and Dientamoeba JragiHs are also included among 
the intestinal amoebae of man, but need not be described hem. Their 
diaracters may be ascertained by reference to works on protozoology 
(Hoare, 1949): 

Entamodfa hartnuam {Ent. dispar) resembles the small form of Em. 
hkbdytica but is now recognised as a sepwate non-pathogenic species. 
Thus amoebae less than 10 in size may be either Eta. hartmam or Em, 
histalytica and this presents considerable diagnostic difficulty to the 
microscopist. The trophozoites are small 3-10 fi witn nuclei a little 
smaller than those of Ent. histolytica but the peripheral\chromatin is in 
discrete masses like that of Ent. coU. 

Entamoeba gis^ivaUs . — ^This organism occurs in considerable num- 
bers in pathological conditions of the mouth, e.g. pyorrhoea, gingivitis, 
dratal caries, but has no definite aetiological relationship\to tibie8e con- 
ditions. It is about 10-20 in diameter and resembles Ent.Mstolytica in 
many respects, showing active amoeboid movement and differentiation 
of the cytoplasm into ecto- and endo-plasm; the nucleus is indistinct in 
unstained preparations ; the organism possesses the property of ingesting 
free cells, e.g. leucocytes. 


Balantidium coli 

Balantidium coli is a ciliated protozoon and is the only member of the 
class CiUophora pathogenic to man. It can cause ulceration of the 
intestinal wall with sjrmptoms of colitis, diarrhoea or dysentery (balan- 
tidial dysentery). The vegetative form is larger than other human 
intestinal protozoa measuring 60 by 40 ft. The body is ui^ormly 
covered with short cilia and at the anterior end is a groove leading to a 
mouth opening. There is a nucleus and the cytoplamm contains vacuoles. 
En^station occurs with the formation of a thick-walled cyst and the 
cysts may remain alive for weeks in moist faeces. When swallowed the 
cyst germinates in the intestine, setting free vegetative ciliates. 

Balantidiosis is common among pigs which are the natural host and 
probably form the source of infection for man. The disease may occur 
in temperate climes, particularly among persons who come into contact 
with pigs. 


btfezdnal Flagellates 

Hiese organinns are oftm asaodated with dymntery and dianb^ 
particular^ in the tropics, but ffieir patlu^enidtyt doubtful, and tncj 
may occunas commensals. ' , . „ , 

Trit^mnai IbaMWtf.— Is pear-diaped, 9-15 /Along, and Mjow 
nudens and cytostome. It possesses three to five flageUa 

from Ae broad end, and also anothar fligeBum foradjsg the betder oi 
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undulating membrane and with the free part projecting from th# 
pointed poster end- 

An or^nism which is biologically similar to Trick* honmiis may occur 
in the vagina, and hag been named Trick, vaginalis. It may be found in 
cases of vag^mtis, and there is a considerable body of evidence in 
support of its pa&Ojgenicity* For recognition of Trick. v&gbuiUs 
and its characteristic jerky movements, “wet” preparations of vag^hd 
secretion should be examined first with low magnificatien and then 
with the J«in. lens of a phase-contrast or dark ground microscope. 
Dried films stained by Leishman’s stain may also be used for diagnostic 
examination. Its morphological features are similar to those of Trick, 
hominis. 

Chihmastix mesntlu — Resembles Trick, homims^ but has no undu*^ 
lating membrane and only three flagelh. It has an elongated slit-like 
C 5 rtostome. Cysts can easily be recognised; they are oval, about 8 ft in 
their long diameter, and contain one nucleus. 

Giardia (or Lamblia) intestinalis , — Inhabits the duodenum and 
jejunum. 

Main characters: — somewhat flattened in shape; flat surface pear- 
shaped; bilaterally symmetrical; 10-18 ft in its long diameter; a 
sucking disk, on one surface; two nuclei with karyosomes; two\.ng 
median parallel axostyles which represent skeletal structures, with 
blepharoplasts at each end; eight flagella in pairs — ^two arising from the 
anterior blepharoplasts (the broad end is spoken of as anterior), two 
arising near the anterior blepharoplasts but following the axostyles to the 
posterior edge of the sucker before diverging, two arising at the posterior 
edge of the sucker and rooted in the axostyles, and two arising from the 
posterior blepharoplasts. 

The cysts are characteristic: oval in shape, about 10-15 ft long, with 
two or four nuclei (the cyst containing two organisms formed by sub- 
division) ; the parallel axostyles are observable. 

Giardia intestinaUs has been found in the faeces of young children 
suffering from subacute diarrhoea with bulky offensive stools. Infec- 
tion occurs particularly in day and residential nurseries and there may be 
many symptomless carriers. The giardia can be eliminated from the 
bowels of cases and carriers by treatment with mepacrine (OT-0-3 g. 
daily for six days). 

For further reading on intestinal protozoa see Wenyon (1926) and 
Faust & Russell (1964). 


Toxoplasma 

Human toxoplasmosis is due to infection with Towpiasma gond& e 
protozoon parasite of many mammals and birds. Human cBnies] 
disease is rare. In human congenital toxoplasmosis acute involvetkiMl 
of every organ can occur and may lead to foetal death or malfornawi^n wl 
birth, and subsequent encephalitis associated with 
Post-natal active disease may show with fever and jaundice fCacs^IlM 
haemolytic disease the newborn. Infection acquhred 
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usually mild and, as indicated by antibody studies, is ofiten sub-cHokal. 
If more severe there may be fever, l 3 rmphadenopathy and lyphocytosis 
resembling glandular fever, or exanthematous blood infection with 
pneumonitis in adults. 

Tbe infection in the new-born appears to be derived from the mother 
m utero, the maternal infection being inapparent In other cases trans- 
mission may occur by droplet infection or contact with excreta or 
infected tissue. 

The organism occurs in the form of oval or orescentic bodies, about 
6-7 li X 2-4 ft, which are found in endothelial and large mononuclear 
c^lls, but also in the free state. With a Romanowsky stain, e.g. Giemsa, 
it shows a reddish nuclear structure and blue cytoplasm. It can be 
transmitted experimentally to various animals, e.g. guinea-pigs, mice and 
other laboratory rodents. The origin of human ii^ection nas not been 
defined but similar organisms cause natural infections in nWy animals 
throughout the world. Strains isolated from human infecnons display 
immunological homogeneity. \ 

For diagnosis during life, body fluids may be inoculated mto labora- 
tory rodents. The inoculation of material into young mice by the 
intracerebral and intraperitoneal routes at the same time is recom- 
mended. A complement-fixatim test using a toxoplasma-containing 
material as antigen is available for diagnosis. A neutralisation test 
(Macdonald, 1949) using the chorio-allantoic membrane of the chick 
embryo has also been found satisfactory. Another laboratory test which 
has been used in diagnosis is the cytopkism-inodifying antibody reaction of 
Sabin and Feldman. It is based on the fact that the organism when 
acted on in vitro by a specific antibody fails to take up, and stain with, 
methylene blue. The organisms used in the test are obtained from 
peritoneal exudate of experimentally inoculated mice. For details of the 
method and interpretation of the results reference should be made to 
Sabin & Feldman (1948, 1949), and Beverley & Beattie (1952, 1958). 

More recently introduced serological tests include a fluorescence 
inhibition test (Goldman, 1957), a quantitative direct agglutination test 
(Fulton & Turk, 1959) using preserved dead parasites, and a simple slide 
test depending on the flocculation of polymethylmethacrylate particles 
'coated with toxoplasma antigen by serum antibodies (Sim & Lund, 
1960). These tests still require to be fully evaluated. 
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PART IV 

APPUED MICROBIOLOGY 


CHAPTER 42 

THE LABORATORY DIAGNOSIS OF 
COMMON INFECTIVE SYNDROMES 

The practice of good clinical medicine requires the intelligent use of 
laboratory services. The aid of the bacteriology department is necessary 
for the accurate diagnosis of many common irfections and selection of a 
suitable antimicrobial agent for the treatment of the patient may be 
impossible without knowledge of the in-^vitro sensitivi^ of the causal 
microorganism. The bacteriological results, however, shduld alwa 3 r$ be 
interpreted in relation to clinical findings and the results of other 
investigations. 

Sterile containers and swabs of various types are provided by the 
laboratory, but unless the clinician accepts responsibili^ for the careful 
collection and prompt submission of suitable specimens, laboratory 
examinations may be useless. Prolonged transport can result in the 
death of some delicate bacteria and viruses whereas other clinically 
insignificant bacteria may be able to multiply in the matc^rial sent for 
examination. The effect of delay in transit can sometimes be overcome 
by the use of special transport media. Specimens must be clearly labelled 
and accompanied by a completed laboratory request form giving relevant 
clinical details. This information is often essential in deciding how a 
particular specimen will be treated in the laboratory. The laboratory 
diagnosis of an infection can be accomplished in two different ways 
either the microorganism responsible for the infection can be isolated 
and identified, or serological evidence of the host’s reaction to the 
pathogen can be detected. 


L Isolation of die Causal Microorganism 

Bacteria 

Isolation of the causal bacterium i& the most satisfactory method of 
laboratory diagnosis. This may be relatively easy to do, but sometimes 
it is diffit^t or even impossible. The evaluation of cultures inoculated 
with samples taken from sites which have a normal bacterial flora 
requires experience. Here potentially pathogenic bacteria have to b« 
distinguish^ from commer^ organisms and isolation of a potential 
pathogen is not necessarily significant. 

The way in which a specimen is treated in the laboratory largdy 
dq>ends on its source and nature although the routine method n^y 
modified if there are special circumstances noted in the patient’s history* 
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The labowtoty examination of bacteriological spedmens, b wy Fe f t 
foUonTB a standard pattern. 

1. Dxrbct Films.— Films made from the matnial submitted ai® 
usually examined after they have been stained, but some dkettibna, 
e.g, those made from faeces and urine, may yield additimial informataon 
if th^ are examined unstained (“wet fihns"). Gram’s metihod is die 
staining tecl^que universally used and, if tubenmious infectioii is 
suspected, Ziehl'N^lsen-stained films are also prepared. In addition 
films stained by Leishman’s method or another Romanowricy stain may 
be necessary to study the nature of the cells in an exudate. 

2. CuLTt^. — ^The specimen is inoculated on to solid and into fluid 
culture media. 

(a) Solid Media . — ^Blood agar is the most widely used medium in 
diagnostic bacteriolo^ and plates of this medium, seeded with the 
material sent for examination, are often incubated in a variety of different 
atmospheric conditions. These range from the presence of air (aerobic 
conditions) through vat^ng degrees of reduced oxygen tension to com- 
pletely anaerobic conditions; the addition of carbon dioxide may be 
necessary for the growth of certain bacteria. On blood agar, colonies of 
many of the common pathogens can be recognised after overnight 
incubation. Other types of media in routine use include specially 
enriched media which promote the growth of exacting pathog^is, e.g. 
chocolate agar for the isolation of the gonococcus, and selective media 
which inhibit some organisms but allow others to grow. Many selective 
media have been devised to facilitate the isolation of a particular patho- 
gen from a mixture of commensal organisms, e.g. desoxycholate-dtrate 
agar for the isolation of intestinal pa&ogens. 

(b) Fluid Media . — Bacteria may not grow on solid media if only a 
few viable organisms are present in the specimen, or if the material sub- 
mitted contains substances that inhibit bacterial growth {e.g. antibiotics). 
Inoculation of a suitable fluid medium, however, not only ensures the 
rapid multiplication of small numbers of organisms but a^ dilutes the 
concentration of inhibitory substances and this may allow growth to talce 
place. Note, however, that such cultures yield no information about the 
number of organisms actually present in the original specimen. Growth 
in fluid media is invest^jiated by making films from &e brofli and sub-, 
culturing on to solid media. The most important fluid meditun for 
general use is Robertson’s cooked-meat broth which grows both amtbtc 
and anaerobic organisms. 

3. Antibiotic Sensitivity Tests.— By determining the sensitivity 

of pathcwenic bacteria to the various antibiotics the laboratcny can aid 
|be practitioner in the treatment of bacterial diseases. In geiu^ dioce 
is good agreement between the in-vitro sensitivity of ^ infedil^ 
organism to a j^ven antibiotic and the clinical response observed when 
that drug is given to the patient. ^ 

The simplest way to carry out these tests is by the du3c drausam 
>na^od. Here a number of piqter disks or tablets oontaisdiag.difterent 
anfibiotios are tdaced on the surface of an agar {date ihwt hia hwm 
utufons^ spread with the test orgmism. Aft^ ovqidl^ h wa dw tl fl i i 
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the pbte is examined for zonoa of inhibkion of growth arooOd the 
various disks. The size of these zones indic^atw the degree of sensitivity 
to the antibiotic contained in the disk : growth right up to the dj»k margin 
indicates resistance. In order to speed laboratory reporting it is some- 
times possible to use the specimen submitted, e,g. pus, urine, as the 
inoculum instead of the isolated pathogen. This is called primary 
sensitivity testing. 

Viruses 

Tlie isolation of viruses is time-consuming, expensive and requires 
special laboratory resources. Attempts to isolate viruses are often futile 
unless the specimens are collected in the very early stages of the illness; 
the specimens must be promptly preserved, and sent to the laboratory 
by a very rapid method. I 

Swabs on wooden applicator sticks are the most suitable for taking 
materials from the throat, mouth, skin lesions, rectum, \ vagina, etc. 
Immediately after use the stick is broken to a short lei^gth md the swab 
is inserted into a screw cap container to which has been added about 2 
ml. of a suitable transport medium (e.g, medium 199 or 1 per cent, skim 
milk) containing SO units penicillin and 50 /xg. streptomycin per ml. 
Samples of faeces should also be placed in a transport medium. 

Spedmens for virus isolation should be placed at temperatures below 
4*^ C. without delay after collection, and they must be kept at these 
temperatures until the tests are carried out. It is often convenient in 
hospital practice to store the specimen in the ice trays of ft domestic 
refrigerator. For transport to the laboratory the specimens in their 
containers may be surrounded with ice, or preferably an ice-salt mixture, 
in a suitable jar or tin. Do not send such specimens by post. The best way 
of transmitting frozen specimens to a laboratory at some distance is to 
pack them in a special insulated box or thermos dask surrounded by ‘"dry 
ice” (i.e. solid carbon dioxide). Such containers are sometimes available 
on demand at the laboratory. 

n. Serological Diagnosis 

Serological tests to detect antibodies against the infecting micro- 
organism provide a useful meam of indirect diagnosis. These tests are 
of especial value in virology where isolation of the virus responsible for 
the infection may be difficult or impossible. In diagnosing bacterial 
infections, however, serological methods are less often used but there 
are two particular instances where such tests are routine, viz, the 
examination oi the patient’s serum for agglutinating antibodies against 
the sahnonellae responsible for enteric fever (Widal Reaction) and 
Brucetta cAoetus when investigating the cause of an unknown fever, and 
the examination of the patient’s serum for complement^&dng or floccu- 
lating antibodies in the diagnosis of syphilis. 

Dkgmms of Virus Jnfectkms* — Serolt^cal tests for 
O^plement-fbdng, neutraltSnng and haemagglutination inhibiting anti- 
jbodies, often give valuable diagnostic information; they form the usual 
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routine roesns of laboratory investigation in some viraa infectioiftai 
Since small tracses of antibody may persist long after recovery and ace 
frequently demonstrable in normal healthy individuals the 
of a single sample of^serum seldom yields information of any value* 
Exceptions are seen in cases of infections with the psittacosis and 
lymphogranulonaa venereum viruses where die single observation of a 
high antibody ttoe may be significant. In most other infictions the 
results of serological'tests are of diagnostic significance only if it hw been 
shown that there has been at least a fourfold rise of antibody titre during 
the period between the onset of the illness and convalescence. 

It is therefore essential to send at least two samples of serum to the 
laboratory; the first taken as soon as possible after the onset ^ dm 
disease, and the second after about three weeks. Details of the optimum 
times for the collection of sera are given in Appendix IV at the end of 
this chapter. 

For the tests, 1-2 ml. of clear serum showing no trace of haemolysis 
is required. The serum should be removed from the clot within 24 hr. 
of collection and then kept at 4° C. or lower. When both acute and 
convalescent samples have been collected they may be sent to die 
laboratory by post. Whole blood is unsuitable for transmission by post 
and should not be sent. 


RESPIRATORY TRACT INFECTIONS 

Infecdons the Upper Re^iratory Tract 

The upper respiratory tract is frequendy involved in general and 
localised infecdons involving the mouth, oropharynx, nose, nasopharynx, 
larynx and trachea. The primary infection is usually viral in origin and 
secondary bacterial infection is most often due to the potential pa^ogens 
resident in the upper respiratory tract, e.g. pneumococci, streptococci, 
If. influenzae and staphylococci. The area ^ected is usually obvious 
and examination will be directed to the site affected. The most useful 
procedure is to take a swab direct from the surface; if exudate, mnnbrane 
or pus is present some of this should be sampled. Films may be pre' 
pared from the swabs after cultures have been inoculated, or smears may ' 
be prepared direcdy from the membranes, exudate or surface by means 
of a swab or loop and stained by suitable stams. 

Acute mouth infections, such as stomatitis, are commoner in younjg 
babies, children and older persons, especially vhen the patient is debili’^ 
tated as the result of intercurrent disease, or when the mouth has nut 
been ^ven pr<^>n* hygiene. The more common oi^janisms invidved are 
aerobic and ansiN^bic streptococci, Vincent’s m^anums, and C antjfefa 
species; viruses involved may be those of herpes simplex, Cogaimiie 
group A, measles, smallpox, etc. More rarely Treponema pstiUfm pnd 
T'feponema p»!tesm are re^mn^le. 

Tbsoit. — Thks syndrome, charaotoised by acute niw i ttemar 
tion of the tonsiUar aod faucial areas (acute tonsillitis, acute 
with or withnut whkh may be lobse or adheixhiv 
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monly due to Str^. ^(^enes. But many cases of acute sore throat, 
and especially the milder cases, are virus infections (mostly adeno- 
viruses), and it is important to distinguish between streptococcal and 
non«streptococcal infections since the former respond to penicillin 
therapy which is also effective in preventing septic and non-septic 
complications, including acute rheumatic fever. Virus infections, on the 
other hand, do not respond to antibiotics and should not be treated with 
these drugs unless there is evidence of a secondary bacterial infection. 
Other causes of sore throat with exudate are diphtheria and Vincent’s 
angina; exudate is also frequently present in certain forms of mono- 
nucleosis (glandular fever), in agranulocytosis and in the leukaemias. 
An important contributing factor in the last three of these /diseases is the 
diminution or inefficiency of the granular white cells whicti normally act 
as scavengers in keeping the mucous membranes clean. \ 

Acute adenitis, sinusitis, otitis media, rhinitis, laryngius, tracheitis, 
may accompany or follow the acute throat infection. Chronic diseases 
may be due to leprosy, syphilis and tuberculosis. Actinomycosis with 
involvement of deeper tissues and the formation of absce^es is a rare 
cause of infection in the cervico-facial region. 

Diagnostic procedures. — ^A throat swab specimen is taken. The 
patient holds his mouth open and breathes deeply. A good light should 
be placed to illuminate the throat. A clean wooden tongue depressor or 
the handle of a clean spoon should be used to press down the tongue. 
The throat swab is then quickly placed in the throat and rubbed gently 
but firmly over the tonsils, the posterior pharyngeal wall and, par- 
ticularly, on any areas of purulent exudate. 

Direct Film. — ^A direct film may on occasion be helpful if the 
causative organism has a characteristic morphology. A clinical diag- 
nosis of Vincent’s infection may be confirmed by demonstrating the 
characteristic morphology of Borrelia vincenti and the accompanying 
fusiform bacilli; these organisms are in any case virtually impossible to 
cultivate. The observation of many “yeasts” in the direct film confirms 
the diagnosis of thrush, and films may be of limited assistance in the 
presumptive diagnosis of diphtheria, especially if membrane is present. 
However, direct films are valueless in the differentiation of most other 
acute infections because the normal commensal flora are similar in 
morphology to the specific pathogens. 

Suitable material should be examined by dark-ground microscopy to 
exclude treponemal infection such as ^pUlis and yaws if this is sus- 
pected, and scrapings from suspicious lesions may be stained by the 
ZieU-Neelsen technique for Mya>bacteria. 

Hiroat washings may be taken for the isolation of viruses and for 
direct examination to detect antigen by the fluorescent antibody tech- 
nique (Chapter 54). 

CuLTUitB. — ^The specimen is plated on to blood-agar plates which are 
incubated aerobically, anaerobically and in the presence of carbon 
dkmde. Penidllin cU^ are usdul for the differentiation of hi^olyoc 

sti»^lxKx>cci and Chocolate agar is inoculated to 

influmstae and neisseriae: Sabouratid’s medium is vmi to 
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cultivatii^ Candida and other fungi, and a tellurite medium and 
Loeffler's serum are inoculated if infection with Corynehactemm 4^- 
tibiae is suspected. 

The interpretation of results of culture of material from the respira- 
tory tract requires a knowledge of the commensal flora of the upper 
respiratory tract, which is as follows: 

anterior nares: staphylococcus, including Staph. aJbm and Staph, 
aureus (30-50 per cent.), diphtheroids. 

nasopharynx: alpha-haemol)rtic streptococci, nrasseriae, staphylo- 
coccus and more rarely pneumococcus, 
mouth: alpha-haemol^c streptococci predominate, 
oropharynx: alpha-haemolytic streptococci, pneumococci (30-40 
per cent.), Haemophilus species (4CC-60 per cent.), neisseriae and 
diphtheroids. More rarely Strep, pyogenes and Neisseria meningitidis 
(see Report, 1939). 

Salivary and other upper respiratory tract secretions contain vast 
numbers of these commensals and sputum will be contaminated with 
them. Some of these conunensal organisms, e.g. pneumococci, Haemo- 
philus species are potential pathogens causing secondary bacterial 
infections; the r61e of others is doubtful. 

In health it is practically impossible to recover organisms from levels 
of the respiratory tract below the middle of the larynx. 

Infections of the Lower Respiratory Tract 

The lower respiratory tract (bronchi, bronchioles and lung tissue) is 
usually infected by pathogenic microorganisms from the upper respira- 
tory tract and by spread through the blood and lymph channels; more 
rarely there is direct extension of infection from other affected tissues, 
such as the liver. The mucous membrane of this part of the respiratory 
tract is probably sterile in health, but direct examination involves 
bronchoscopy or lung biopsy, neither of which is indicated in the nomoal 
course of the diagnosis of infection. 

Sputum from patients with acute bronchitis, acute exacerbations of 
chronic bronchitis, bronchiolitis and pneumonia, should be examined 
bacteriologically. In most cases the sputum will consist of a mixture of 
exudate from the affected mucous membrane or lung tissue mid saliva. 
The more purulent material is likely to contain specific pathogens and 
therefore examination should be directed to this part by spreading the 
sputum in a di^ so that the purulent material may be picked directly 
with a loop. Alternatively, the sputum may be homogenised eithat by 
adding saponin and incubating for half an hour, or by^hakingthe^ututn 
wdth glass beads ; in rh«s way random sampling of the sputiun ^lecunen 
will include any pathogens present. 

Direct Foum.— F il^ should be made from the sputum End EtnOfOd 
Gram’s method. They are of limited value and give im indioiliiUi cff 
^ number iff visbte organisms present: further the preseiMxi of com* 
mensal otganisms in ssliva may confuse die picture. Diteck fflms are nf 
valiT^ dia^ i spedfio tnf(^ 
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pneiEmococcal and Staphylococcal inf^tions. If tuberpiloBis 1$ 
suspected, a direct him stained by Ziehl-Neelsen’s method is examined 
for add- and alcohol-fast bacilli. 

CuLTUHE. — Sputum is plated on blood agar for aeroUc, anaerobic 
and carbon dioxide incubation and on clu^late agar inoibated in 
carbon dioxide with diagnostic antimicrobial disks. An optochin disk 
may be placed on the plates for the differentiation of pneumococci from 
Strep, viridam. In specific infections the significant organisms such as 
pneumococci, Haemophilus injbienzae and Staphylococcus aureus are 
usually isolated in large numbers. If tuberculosis is suspected the 
sputum is concentrated prior to culture and sometimes guinea-pig 
inoculation is also performed. The methods are detaileiji in Chapter 14. 


ACUTE INTESTINAL INFECTIONS 

Acute diarrhoea with or without vomiting is a very mnunon com- 
plaint that may be due to a variety of causes. Infection ^th known or 
unknown bacteria, viruses and protozoa is a major contributor but 
specific bacterial pathogens can be recovered from not more than around 
20 per cent, of the “infective diarrhoeas.” The most conunon identifi- 
able intestinal pathogen in Britain is Shigella sotmei; the salmonella 
species, enteropathogenic Esch. colt, and the food poisoning enterotoxic 
strains of Staph, aureus and Cl. wekkii are less conunonly incriminated. 
The aid of the laboratory is essential in arriving at a diagnosis and 
specimens of faeces should be sent for bacteriological examination. A 
specific infection must never be excluded on the basis of one negative 
report and a series of specimens may have to be submitted for investiga- 
tion. 

Specimen Collection 

A sample of faeces is a much better specimen than a rectal swab. 
However, if a large number of contacts of a patient with an infective 
diarrhoea have to be investigated it is often more convenient to take 
rectal swabs. When this is done it is necessary to ensure tiiat these 
swabs sample the contents of the rectum and that they are not merely 
placed in the anal orifice. Faeces should bepassed into a clean potwfaich 
does not contain any antiseptic and the spedmen should be collected 
free frt»n urine. A sample of the spedipen is transferred witii the spoon 
provided to a storile glass universal container and this should be sent to 
the laboratmy as soon as possible. Altemativdy, a sample df the faeces 
in the pot may be sent on a swab. If delay is inevitable, it is an advantage 
to tramqport tiw spedmen in glycerol si^e becattse this prevents the 
intestinal commensal organisms overgrowing any eitimic pathogens that 
may be present (see Appendix I). If amoebic dysentery is sti^>ectodih« 
iQWcimen must be available for examination eomm a fm nmut» of being 
passed if the motile vegetative form of Ettbmoeba kittt^tkd ^ ^ 
reo^piised. The record of the history sent with tite specimen should 
humuie mformation about reoent foreign travel as patiuKts who have 
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been abrosd Sfc note Ukfily to be infested with intestinal protoioa An d 
worm®* 

Laboratory Emninathm 

Appbabancb. — The specimen is examined naked-eye for mucuS) 
fresh blood, altered blood (melaena) and for the presence of adiole 
worms or tapeworm segments. 

Wet Films. — ^These fObms, made by suspending the faeces in saline, 
are not prepared as a routine in all laboratories. Th^ are for 

red blood celb and pus cells, the vegetative forms of protozoa sudi as 
Entamoeba histolytica, the cysts of intestinal protozoa and the ova of 
intestinal worms. If the presence of cysts or ova is suspected, filoy* 
should be made after the concentration of the faeces, e.g, by the zinc 
sulphate flotation method (Chaj^ar 41). 

Stained Films. — Gram-stained films are of limited value in the 
bacteriological examination of faeces. In staphylococcal enterocolitis, 
however, the stool is watery and Gram-stained films show many clusters 
of Gram-positive cocci with few, if any, other organisms. 

Culture. — If the faeces are formed, a little of the specimen should 
be emulsified in saline or peptone water and this suspension is used to 
inoculate solid media; in the case of fluid faeces, an effort should be 
made to select flakes of mucus for culture. The solid media routinely 
used in Britain are MacConkey’s medium, desoxycholate-dtrate-t^ar 
(DCA) and Wilson and Blair’s medium. Fluid enrichment mettia 
such as selenite F and tetrathionate broths, which allow the multiplica- 
tion of enteric pathogens but inhibit the growth of intestinal commensal 
organisms, are also inoculated with the sample: after 24 hr. incuba- 
tion the broths are subcultured on one or more of the selective solid 
media named above. The resulting growths on the solid media are dealt 
with as follows. 

On MacConkey’s medium and DCA the Gram-native intestinal 
bacilli produce pink colonies if the organism ferments the lactose in the 
medium and pale colonies if it fails to do so. Pink colonies are usually 
abundant on the MacConkey plate but they tend to be scanly on the 
more inhibitory DCA medium; most of these lactose-fermenting 
organisms belot^ to the genus Escherichia and the rest (ff them are other 
intestinal commensals such as Klebsiella species. Thei^ore, when a 
search for intestinal pathogens is being made, pink colcmies can be dis- 
regarded as a rule. There are, however, two important exceptions to 
tills: Shigella sonstei is a late-lactose fermenter and may produM thgl^ 
pink colonies after overnight culture, and the enteropathogenis strains 
of EscheruMa coU, whkdi can cause severe diarrhoea in infan^, {Nochine 
colonies mmphokgicaily indistinguitiiable from other stnuns of 
^li. Thus when faeces from young children are being examined, seflWal 
pink colonies, fueferably about ten, should be picked from tim iMtnn* 
Conkey plate and serologically tes^ on a slide agai^ a ptsiipkiimih 
^teropathogenio lEtdt. ebU antiserum. If agglutination piaee, 
Mer testa are made with individual Qrpe-spedfic sera to allow p»0- 
^iontiidintifici^ of tile type. Th»mim be confirmed 
2n 
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a tube agglutmatiott test and showing that a boiled suspension of th 
organism is agglutinated by dilutions of the monospecific antiserum u 
to the stated titre. 

The organisms that produce pale colonies may be saimonellae o 
shigellae but they may also be Proteus species, non-lactose-fermentin 
strains of Esch, coK or some other gut comment organism* Therefor 
afi pde (and slightly pink) colonies are subjected to biochemical inves 
tigation. Their activity is tested by picking a single pale colony am 
inoci^ting a tube of peptone water (to test for motSity and indole pro 
duction), a series of peptone waters containing different carbohydrates 
(subsequently examined for the formation of acid and/or gas), a urea slope 
(to test for urease activity) and an agar slope (the grov^ on this to be 
used for agglutination tests if necessary). It is wise al^ to “plate out” 
the pale colony on MacConkey*s medium and to exainine the resulting 
growth to make sure that it is pure. Alternatively, biochemical activity 
can be tested by the use of composite media such as thcjse described by 
Gillies (Chapter 47). If the results of the biochemical teste are consistent 
with the organism being a salmonella or a shigella, slide agglutination 
tests are carried out with polyvalent antisera; if these are positive, 
provisionid identification is made by further slide agglutination tests with 
monospecific antisera. In eve^ case, final identification must depend 
on Ae result of tube agglutination tests. Most laboratories have only a 
limited range of antisera and although these arc sufficient for the 
recognition of the common salmonella and shigella types, unusual species 
may have to be sent to a reference laboratory for identification. 

On Wilson and Blair’s medium jet black or dark green colomes with a 
metallic lustre are selected for further examination. Such colonies are 
typically produced by some of the saimonellae. Salmonella typfn, and 
Salmonella paratyphi in particular, and they are investigated in the same 
way as pale colonies on MacConkey’s medium or DCA, 

In addition to the routine methods of culture described above, faeces 
from patients suspected of having food poisoning are sometimes 
examined for Staphylococcus aureus and “heat-resistant” strains of CIOS'- 
tridium welchU. If present in fairly large numbers. Staph, aureus can be 
isolated by inoculating Ae faeces directly on to blood agar, although 
Aere is always Ac risk Aat Ae culture will be overgrown by Proteus 
species. For this reason direct plating on a selective medium such as 
salt-milk agar is to be preferred. It may be possible to isolate Staph 
aureus from faeces that contain only small numbers of this organism by 
inoculating a salt cooked-meat broth with Ae faeces and incubating this 
overnight before subculturing Ae bro A on solid media. The isolation of 
a few Staph, aureus from a specimen of faeces, however, is of doubtful 
sig^cance for some 20 per cent, of normal people carry Staph, 

Aeir faeces. It should also be remembered Aat staphylococcal entero- 
toxin is more resistant to heat Aan Staph, aureus and it is Aerefore 
possible for a patient to suffer from staphylococcal food poisoning even 
when Sta^, aureus is not isolated from either Ac faeces or the suspect 
food. 

The spores of Ac food-poisoning strains of Cl* mkJm wiAstanu 
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boiling for 1 hr. and this property is employed in isolating these strains 
from faeces (see Chapter 27 for a detailed description of the a^thod}* 
Ae 8^?uficance of these organisms in faeces requires critical 
evaluation because they can be found in the faeces of 5-30 per cent, of 
apparently healthy people. 


URINART TRACT INFECTIONS 

The diagnosis of urinary tract infection cannot be made without the 
bacteriological e^mination of the urine. Patients with classic symptoms 
of urinary inf^ion may have a sterile tirine and asymptomatic patients 
may have significant bacteriuria. The chemotherapy of proven infection 
should be controlled by in-vitro sensitivity tests and the outcome 
assessed by examination of the urine at the conclusion of treatment. 
Follow-up of patients who have had a urinary infection is essential 
because relapse may be clinically silent. 

Specimen Collection 

Specimens are usually collected in universal containers, but for the 
collection of mid-stream specimens from females it is an advantage to 
provide a wide-mouthed container such as a 12-oz. honey-pot. Alter- 
natively, disposable plastic pots with tight-fitting lids can be used for 
urine specimens. 

From male patients a mid-stream specimen of urine (MSU) should 
; be submitted: the prepuce is retracted, the glans penis cleansed with 
, soap and water and the middle of the urinary flow collected. For- 
merly, for bacteriological examination, a catheter specimen of urine 
(CSU) was always collected from female patients so t^t contamination 
of the specimen with organisms from the ano-genital region was avoided. 
This practice, however, is no longer regarded as justifiable because 
catheterisation may introduce infection — a risk, xmder ideal conditions, 
estimated at between 2 and 6 per cent. As a result voided specimens are 
now submitted from women and, if carefully taken, these compare satis- 
factorily with catheter specimens. To collect a voided specimen, the 
ano-genital region should be thoroughly cleansed and antiseptic, e.g, 
chlorhexidine or cetrimide, may be applied to the labia. The patient then 
passes urine with the labia separated and the middle of the stream is 
collected for examination. Note, however, that a perfunctory wash of 
the vulva, and this is often all that can be carried out where toilet 
facilities are limited, is of no value. 

Once collected, ^ specimen must be transported to the labmnt^ 
without delay because urine is an excellent culture medium supporriit^ 
the rapid growth of many bacteria. If delay of more than 1—2 is 
Unavoidable the multiplication of bacteria in the urine should be f^fe- 
yented by storage in a refrigerator, or the specimen may be tranipterted 
tn some form cf apeciid con tainer that maintains a low umpeitdut>e. A 
»mple container which utilises a standard one pint vacuupm fiaadt has 
'>een devwed few this purpose ^Uiott and Sleigh 1963). 
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Laboratory Emminatfam 

“Routine** examination of the urine, vide infra, is still carried out in 
most bacteriological laboratories. In recent years, however, the trttid 
h^ been to apply various quantitative methork: the enumeration of 
number of bacteria in eadbi ml. of freshly voided urine has allowed 
development of the concept of significant bacteriuria, and the introduc- 
tion of a simplified method has revived interest in measuring the urinary 
white cell excretion rate. 

Routine Examination. — The urine is centrifuged, and wet and 
Gram-stained films are made from the deposit which is also inoculated 
on to blood agar and MacConkey agar plates. The supematsmt may be 
kept for chemical examination. The wet film is examined at this stage 
jfor pus cells, red blood cells and organisms; if many bacteria we seen, a 
primary sensitivity test is set up. The following day the stained film and 
the cultures are examined. If the prim^ sensitivity test platelhas been 
omitted or if it cannot be interpreted with certainty, another smutivity 
test is carried out when the organism has been cultured. This time the 
isolated organism and not the urine deposit is used as inoculum for the 
sensitivity test plate. 

Interpretation. — ^Pyuria is variable in degree in urinary infections. It 
is almost always present sDd is often gross in acute infections but in 
chronic infections it may be absent. Squamous epithelial cells and 
lactobacilli seen in urinary deporits from women indicate vulval con- 
tamination. Culture may yield no growth of bacteria, a growth 
indicating contamination, or a growth signifying infection. A scanty 
growth of several different organisms usually in^cates non-pathogenic 
contaminants, e.g. Staph. dBm, micrococci, diphtheroid oiganisms. A 
heavier growlb of one or two bacterial species indicates infection and the 
types of organism isolated may vary with the patient*s history. In acute 
uncomplicated and untreated infections the growth is usually of a single 
organism which in some 80 per cent, of cases is Escherichia coU. In 
chronic infections, where there is often established disease of the urinary 
tract, the cultures are more likely to contain more than one organism and 
KldftieBa, Proteus and Pseudomonas species and Strep. faecaUs are 
common. 

Quaniitetive Examinatiop 

White Cell Excretion Rate.— Although gross pyuria is easy to 
detect there is no general agreement about ^ significance of an occa- 
sional pus cell seen in a urine deposit The origiiuu quantitative mediod, 
that ctt Addis, had a number of disadvantages and the tedmique of 
Houghttm and Pears (1957) is generally used nowadays although* 
for reasons already disoisse^ mid-stream rather than catheter sp^’ 
mem should be examined. In order to determine the excretion 
rate of white cdls the totsd volume tff urine voi^ must be measured 
and the time during vdiich it has collected in the bladder must be known. 
Ten ml. of this urine are centr^oged, nine ml. of the supernatant 
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^scardcd and the dqtosit ia re-suspended in the remaining one ml. 
This coneen^tes the cellular elements, and the leucocytes and non- 
squamous toithelial cdls present are then counted in a Fuchs-Roamithal 
chamber, number of diese cdls accreted in eadi hour can tl^ 
be calculated. 

White cell excretion rates greater than 200,000 cells per hour are 
regarded as abnormal; rates between 100,000 and 2^,000 ceUs per hour 
are considered of doubtful significance, and rates less Aan 100, odls 
per hour are taken as normal. Raised cell excretion rates are found in 
acute and chronic pydrmephritis, acute and chronic glomerultmepluitis, 
and hypertension; they are noted occasionally m other systemic diseases 
and sometimes have no detectable cause. In chronic pyelonephritis iht 
cell excretion rate may be raised at a time when pathogenic organisms are 
absent from the urine and such a finding points to tiie silent progression 
of the disease. 

Bactekial Counts. — The results of culture are not always clear-cut, 
and in recent years studies of the actual number of bacteria present in 
otherwiae normal but contaminated and infected urines have b^n made. 
Viable cotmts may be performed either by a pour-plate method or by 
inoculating the surface of media with known volumes of urine. Colony 
counts are made after incubation for 24-48 hr. 

When properly taken urine specimens are examined, contamination 
never produces more than 10* oiganisms per ml. and usually accounts 
for less than 10* organisms per ml. These counts, inconstant and vary- 
ing from specimen to specimen taken from the same patient, represent 
bacteria from the urethra and external genitalia which have entered tire 
unne during collection of tiie specimen. Infected urines contain more 
than 10* organisms per ml., usu^y more than 10* organisms per mL and 
often up to 10* organisms per ml. These high counts, fairly constant itt 
serial specimens ^en from the same patient, are the result of bacterial 
multiplication in the urine within the urinary tract 

Significant bacteriuria (counts greater tliAn 10* organisms per ml.) 
may sometimes be found, in the absence of symptoms or pyuria, in 
patients who subsequently devdop dinical symptoms of urinary infec- 
tion. Evidence is accumt^ting of an association between asymptomatic 
bacteriuria and pyelonephritis. 

Semi-qaaotitatiTe Culture ctf Urine 

Althoui^ quantitative urine culture yields extra information it w 
time-consuming and also requires considerable mnounts of laboratory 
materials. Ccmsequently, a number of semi-quantitative methods have 
been introduced and the results of these simpMed teohniquea ocanpare 
well wi& quantitative examinations carried out on tire same specimen. 
In the senu-quant^ative metitods a loop of standard diameter is t^aifed 
with the uncenttifuged uiioe and pUted-outon sedid media in a stanwd 
way (see McGmcbie and Keime^, 1963). Afrm overnight iaotMion 
die plate ia read and tim resulta evaluated in acoordmice vrifh h pm- 
*trangedadmme. Thoreia no reason vid^ a ainqihi method iMli as fla$, 
should not b« used rtmtiody in diagnostic hdoorttoiies, < 
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MENINGITIS 

The clinical signa of meningeal irritation always suggest infection of 
the meninges but they may occur in association with certain other acute 
infections not involving the menin^s (meningismus) and they may also 
be seen in patients wi& non-infective conditions such as subaradwoid 
haemorrhage. Infants, however, may have meningitis without the usual 
localising signs. Patients suspected of having meningitis should always 
have a specimen of cerebrospinal fluid (CSF) examined in the labora- 
tory. Prompt identification of the causal organism is important because 
un^ an exact bacteriological diagnosis has been made the proper anti- 
microbial therapy cannot be prescribed. 

Infection with the meningococcus is the most common t 3 be of acute 
purulent meningitis in Britain, followed by infections with Haemophilus 
influenzae (confined to pre-school children, mostly under 3 y ws of age) 
and the pneumococcus. Infection with enterobacteriae (salmonella, 
coliform organisms) occurs in early infancy. \ 

Specimen Collection 

When cerebro-spinal fluid is obtained by lumbar puncture it is 
essential to take rigorous precautions to prevent the introduction of 
infection. (It is safe to remove 5-10 ml. of CSF as Jong as intracranial 
pressure is not increased.) The sample is best collected in one or two 
sterile screw-capped containers. Test-tubes with cotton-wool plugs 
should not be used because if they are shaken or fall over the CSF may 
be absorbed by the plug. The specimen must be dispatched to the 
laboratory at once; delay may result in the death of delicate pathogens 
such as meningococci, the disintegration of leucocytes and the reduction 
in the concentration of sugar in die CSF. 

Laboratory Examination 

Appearance. — Normal CSF is clear and colourless. Increase in 
the number of cells, or the presence of many bacteria, makes the fluid 
opalescent or turbid ; fibrinous clots may be seen if the protein content is 
increased. Fresh blood in the CSF is usually the result of local bleeding 
at the site of the lumbar puncture and if a series of samples is collected 
in several containers it may be seen that most of the blood is mixed with 
the fluid which has escaped first. When the CSF is centrifuged, the 
supernatant fluid will be clear if the bldbding has been recent; if the 
supernatant fluid is yellow this indicates that &e bleeding into the CSF 
has taken place at least 12 hours ago and this finding is usually associated 
with mbarachnoid haemorrhage. 

Cytolocical Examination.— The number of leucocytes in the 
CSF is enumerated using a white-blood-cell-count pipette and ^ 
special counting chamber. Cerebrospinal fluid normally contains 3 or 
less leucocytes per cu« mm. If the number of cells is increased a film of 

the centrifuged deposit, stained by Leisfaman’s method^ should he 
ffla mine d so that a differential cdl count can be carried out 
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In acute bacterial meningitis &ere is a great increase in the number 
of leucocytes in the CSF. Up to several thousand cells per co. is 
a common finding and early in the disease almost all of them are poly” 
morphs. In tuberculous meningitis there are fewer cells in die CSF 
(200-500 per cu. mm.) and lymphocytes predominate, but some poly- 
morphs are usually present. Virus infections of die meninges result in an 
“asepdc” t 3 rpe of meningitis; between 50 and 1000 cells per cu. are 
found and they are virtually all lymphoc 3 rtes. 

Biochemical Examination. — ^Part of the specimen should be sub- 
mitted fmr quantitative biochemical estimation of the protein, sugar 
(glucose) and chloride content of the fluid (see p. 568). llie Lange 
colloidal gold test depends on the relationship between gamma- 
globulins and other protein fractions in the CSF. Three abnormal 
types of curve are recognised, the paretic, the luetic and &e meningitic. 

Examination for Microorganisms 

Bacteria. — ^The three bacterial species most often responsible for an 
acute purulent meningitis are the meningococcus, the pneumococcus and 
Haemophiltis it^uenzae. These organisms usually reach the meninges 
by way of the blood stream and it is sometimes possible to isolate them 
simultaneously from blood cultures. Meningitis, however, can result 
from the direct spread of bacteria to the meninges from infections in 
neighbouring structures such as the middle ear and paranasal or frontal 
sinuses. Bacteria may also gain access to the meninges after careless 
lumbar puncture or from infected neurosurgical wounds. Thus a wide 
variety of organisms including Staphylococcus aureus, Streptococcus 
pyogenes. Pseudomonas pyocyastea, Escherichia coK and anaerobic 
organisms such as Bacteroides species and anaerobic streptococci can 
cause meningitis. Leptospires e.g. L. canicola and Listeria monocyto- 
genes occasionally cause meningeal infection. Mycobacterium tuberadosis 
produces a less acute form of meningitis. 

The CSF is centrifuged and films are made from the deposit If 
clots are present additional films are prepared by spreading out the 
coagulum on a glass slide. Films are stained by Gram’s me&od and, 
should a tuberculous infection be suspected, by the Ziehl-Neelsen 
method as well. It is often possible at this stage to make a provisioiial 
diagnosis by examination of the stained films alone, especially if the 
patient has not received any antibiotics, and this allows ^e appropriate 
treatment to be given wi^out delay. In tuberculous meningitis a 
prolonged and thorough search of several thick films is often necessary 
before acid- and alcohol-fast badili are discovered. 

The centrifuged deposit is inoculated on to blood and chocdate agar 
plates that are then incubated, aerobically, anaerobically and in an 
atmosphere containing 5-10 per cent, carbon dkndde. If bacteria have 
been seen in &e stain^ films a primary sensitivity^ test should also be set 

The plates are examined after overnight incubaticm, and in masf 
cases a good growth rtf the path(^[mi will have taken {dace. Howcniar.it 
'ttay be necessary to reincttbate the plates for anothw 2i hf* bef^ 
^tisfactory growi^ is obtained. The oaganfoaos isolated on eadture ate 
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identifiod in die usual way. If the cultures are sterile and if tuberculous 
menis^tis is suspected the deposit should be inoculated, without prior 
concentration, on to slopes of Lowenstein-Jensen mediiun and also 
injected into guinea-pigs which are examined after the usual interval of 
4 to 8 wedks. 

When patients are thoi^ht to have either meningovascular or 
neurosyphilis the standard serological tests for syphiUs should be 
performed on the CSF. 

Viruses. — ^The viruses that are most often responsible for aseptic 
meningitis are the entero-viruses (ECHO, Coxsackie and less frequently 
poliomyelitis), the virus of lymphocytic choriomeningitis and herpes 
simplex virus. Aseptic meningitis may also occur as a complication of 
other virus diseases such as miunps (sometimes unassociated iwith paro- 
titis), chickenpox, measles, infective hepatitis and herpp zoster. 
ECHO and Coxsadde viruses can usually be isolated directiu from the 
CSF. They may also be present in the faeces. A sampU of CSF 
should be sent as early as possible and faeces may also be submitted. 
Second samples of both specimens should be sent two or tmee days 
later. If faeces are not available, a rectal swab is a reasonably satisfactory 
alternative. These viruses may also be recovered from throat swabs or 
oropharyngeal washings but, in the case of the polioviruses, with 
considerably less frequency. Cerebrospinal fluid from cases of aseptic 
meningitis seldom, if ever, contains polioviruses. These materials may 
be held for up to 24 hr. at 0®-4° C., in a domestic refrigerator, but for 
longer periods they should be preserved frozen at — 30® C. or ip 50 per 
cent, glycerol saline. 


Findings in the Cerbbrospinai. Fluid in Diffbunt Tyvbs of Meningitis 


Test 

Normal 

Acute Bacterial 
Meningitis 

Tuberculous 

Meningitis 

Aseptic 

Meningitis 

Appearance 

clear and 
colourless 

turbid 

clear or 
opalescent 

usually clear 

Total protein 

15-40 
mg/100 ml. 

greatly increased 

moderately 

increased 

slightly increased 

Sugar 

50-70 
mg/100 ml. 

greatly reduced 

reduced 

normal 

Chloride 

700-740 
mg/100 ml. 

reduced 

reduced 

normal 

Cell count 

0-3 

lymphocytes 
per cu. mm. 

ffreatly 

mcrea^ — all 
polymorphs 

increased — 
mainly lym« 
phoc3^, some 
polymorphs 

increased — 

lymphocytes 

predominate 

Culture on 

artiScial 

fMlia 

sterile 

causal 

bacterium 

isolated 

Af* tidterculoiii 
isolated 

sterile 
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WOUND INFECTIONS 

Wound infections may be endogenowt or exogenous. EndcqpKnts 
infections {mto~mfecUon) are caused by Qi|;anisms that wero Ibsding a 
conuttcnsal existence elsewhere in the host’s body; for ^example 
abdominal surgical wounds may become infected with oi^ganisms from 
the large bowel after an operation that has involved incision dP the colon. 
In exogenous infections the source of the infectii^ organinn is otttwith 
the host who becomes infected ; cross-infection is a particul|v example of 
exogenous infection where the causal organism is spread feom person to 
person. Infection may occur after accidental or intentional trauma of 
the skin or other tissues; the latter type is often called “post-operative 
sepsis”. 

Specimen Collection 

Pus or exudate from infected wounds is usually sampled by means of 
a swab which* must be well soaked in the exudate (Append 3). A 
specimen of the pus itself is always preferable and may often be obtained 
by using a syringe or pipette to transfer the material to a sterile tube or 
screw-capped bottle. If only a small amount of exudate is available it 
should be allowed to run into a capillary tube ; after sealing both ends the 
tube can be sent to the laboratory. Pieces of tissue removed at operation, 
or curettings from infected sinuses and other tissues are sometimes sent 
for bacteriological examination: these specimens are homogenised in a 
tissue grinder with a little broth and subsequently treated in the same 
way as exudates. Delay in the transit of specimens to the laboratory 
must be avoided, especially in the case of swabs where the exudate may 
dry into the cotton-wool. 

Laboratozy Examination 

The pus should, if possible, be examined for any unusual features 
such as granules which are characteristic of some forms of actinomycotic 
infection. If granules are present they can easily be separated by Staking 
up the pus with water in a test-tube, allowing them to sediment and 
collecting them in a capillary pipiette. The granules are then crusted to 
make films and inoculated on to culture media. 

Direct Films. — Films made from pus may be of value. Hwy are 
stained by Gram’s method and, if indicated, by the Ziehl-Neelsen 
method. It is difScult, however, to make good fihns from swabs, and 
quite impossible if the swab is dry. To avoid ocmtaminatum, dther die 
swab must be rubbed on to the surface of a sterile slide or the smear 
made after all the culture media have been inoculated; the latter pro* 
cedme is usually followed and a poor film, not representative ^ tSut 
actusd exudate, is often the result The examination of nuuertal on 
swabs for mycobacteria is almost always unsatia&clory. 

In good fihns made from the exucUte, polymoci^ in various Miqses 
of disintegrstionwiU be seen with bwcteriammiem more QqfNML Gnom* 
poritive branding filamoits su^st actfeoQ^cosas, and dm deittonstra* 
tion of add- and alcehol-fnt tneilU indicates a tuberculoite fefedjcm. 
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Culture.— A large number of aerobic and anaerobic bac&ria, 
occurring either singly or in combination, are involved in nvound infec* 
tions. The commonest pyogens are Staphylococcus aureus, Strsptoeoccus 
pyc^enes and anaerobic streptococci, coliform bacilli such as &ch. coli 
and Proteus spp. and Pseudomonas pyocyassea. Among other species 
more rarely encountered are Pasteuretta septka (from animal bites), 
Corynebacterium diphtheriae (in wound diphtheria) and BaciUm anthrads 
(malignant pustule). In long-standing infections that are slow to heal, 
and in pus showing no other noicroorganisms the possibility of infection 
due to Mycobacterium tuberculosis and Actinomyces israelii must be 
considered. Anaerobic organisms, in particular Clostridia (notably Cl. 
loelckii), Bacteroides spp. and anaerobic streptococci may be very 
important in wound infections, especially in abdominal wounds, trau> 
matic wounds and wherever devitalised tissues provide suitably 
anaerobic conditions. Infection with aerobic bacteria may encourage 
the growth of clostridial pathogens, leading to tetanus andlgas gan> 
grene. \ 

The swab or the exudate is inoculated on to two blood agip- plates, 
one for aerobic, the other for anaerobic incubation, and also into a tube 
of Robertson’s cooked meat broth. In addition some bacteriolc^ts 
inoculate special media such as MacConkey’s medium (to facilitate the 
dijfferentiation of coliform organisms), double strength (4 per cent.) agar 
(to inhibit the swarming of Proteus spp. and so make possible the more 
rapid isolation of other pathogens present), crystal violet blood agar (to 
assist the separation of Streptococcus pyogenes in mixed infections), and 
neomycin egg-yolk agar (for the rapid identification of Cl. welckii). 

Primary sensitivity tests are usually carried out on the diagnostic 
plates and the disks used have the added advantage of providing areas on 
the plates that are locally selective for certain species, thus facilitating 
their isolation and identification. Neomycin disks, each contaimng 
100 ftg., are particularly useful in this respect for the isolation of 
Clostridia on anaerobic media. 

The culture plates are examined after overnight incubation. Should 
there be growth in the cooked meat broth but no growth on the solid 
media the broth must be subcultured aerobically and anaerobically. 

Pure or mixed growths of pathogens are reported along with the 
results of the in vitro sensitivity tests; if the primary sensitivity plate 
cannot be read with certainty a secondary sensitivity test is set up 
using the isolated organism in pure culture as inoculum. Scanty 
growths of skin commensal organisms sudi as Staphylococcus aOms and 
diphtheroids are usually disregarded, as are grow^ likely to be due to 
extraneous contaminants, e.g. a/eto colonies of Esch. coU isolated from a 
perineal wound. Sometimes fhe significance of the growth is difficult to 
assess but the problem can often be resolved by examinii^ a further 
carefully taken specimen from the lesion. 

If there is no growth after 24 hr., the culture plates and the cooked- 
meat broth are rdncubated for another 24 hr.; if the culturea are sdU 
atea^ they may be discarded, unless there is an indication for a hurtber 
pethi of incubation befmre finally concluding that][no growth wiU take 
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place, in isi^ting 8low>growing imdiogens sudi as Aakum^^ 
tsroM. 

H tubemilous infection is suspected and if the pus lu» not jridLded 
any growth on oiQdinary culture media, it may be possible to use pus 
as inoculum for Lowenstein*Jen8en or similar medium and for injecting 
iato guinea-pigs. If the pus is viscid, or if ordinary culture shown 
It to contain other organisms, it must be treated before these further 

«ntri»flf*icrAtfnm can he iinHertaken. 


GENITAL TRACT INFECTIONS 

Infection of the upper part of the female genital tract (salpingitis and 
oophoritis) may be part of a generalised infection or it may be localised, 
but in either case bacteriological diagnosis by examination of spechnens 
obtained from the accessible lower tract is rarely possible. 

Acute infections in the female are fairly common after delivery, e.g. 
puerperal sepsis or septic abortion. Acute cervicitis also occurs in non- 
pregnant women and some cases are venereal in origin. Where possible, 
cemcal swabs should be taken with the aid of a speculum under direct 
vision but more frequently only a high v^inal swab is taken and this 
makes bacteriological diagnosis more difficult because of the presence of 
a complicated vaginal commensal flora which is variable and poorly 
classified. 

Acute and chronic vaginitis and vulvo-vaginitis may be due to a 
vanety of causes and many orgamsms may be responsible. Acute 
vagimtis due to Trichomonas vagmaUs and vaginal thrush (particularly in 
pregnant women) are the most important i^ections. Exudate can be 
rea&y obtained by swabbing and direct smears made on slides for 
microscopic examination; or exudate may be collected by pipette or 
spoon for wet films. 

In the male, acute urethritis and prostatitis are fairly common; many 
cases have a venereal origin. 

Direct Films. — ^The discharge ftom female patients with leiicor- 
rhoea should be examined by direct microscopy (‘Svet film”) for the 
presence of Trkhanionas ve^maUs as soon as possible after ithasbeoa 
obtained from the patient. Gram-stained smears of the discharge show 
the presence of inflammatory cells and in vaginal candidiasis “yossts” are 
i>een, but the morphology of the other flora present is not suffidently 
characteristic to allow further differentiation from the commensal flora. 

The microscopic diagnosis of acute gonhorroeal infectimi req^raa 
mvestigatkm of anears made from the corvix, urethral exudate and 
Bartholin’s glands. 

In the male, urethral dischari^ is less likely to be omtaminatoil tdth 
t^tganisms from the perineum t^m in tlu; fen^e althoti|^ it ^beald be 
temembered ffiat the distal uredira does possess a commenaai dom vi 
^phthoroid bacilli, streptococci and Ste^ oAur and die pStmm of 
™ese bacteria is unlikd^ to be lebded to infeofiem. lafiebtlim el the 
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]»rostate gland is frequently diflicult to diagnose; if tiiere is no urethral 
discharge prostatic massage may provide exudate for ex a m i n a t ion. 

The examinatifm of a chancre requires careful collection of exudate 
and preparation for dark-field microscopy (Chapter 2$). 

Culture. — ^Vaginal, cnvical, urethral and gland exudates must be 
cultured on as wide a range of media as is practicable. For the gono- 
coccus, blood and diocolate agar should be inoculated and incubated in 
5 per cent, carbon dioxide; this may be obviated if a medium containing 
mucin is used. If there is a delay in transit to the laboratory, transport 
media should be used. 

The presence of well defined pathogens not normally found in the 
genital tract, e.g. Streptococcus pyogenes, even in smdl numbers, is 
probably significant of infection; odiers such as Staph. aureuL anaerobic 
streptococci and Esch, coli if present in considerable numbera are likely 
to be significant but the presence of other organisms closely lesembling 
the normal flora of the female tract is difficult to assess in most cases. 


COhIJUNCllVAL INFECTIONS 

A variety of bacteria may produce acute conjunctivitis. The 
gonococcus produces severe opbt^lmia neonatorum and Staph, aureus 
is a common cause of “sticky eye” in newborn babies in maternity 
hospitals. Pneumococcus, Haenu^Mhss influenzae (Koch-Weeks 
bacillus) and Moraxella lacunata are other common infecting species. 
Certain adenoviruses and other viruses produce conjimctivitis together 
with an upper respiratory infection, and the TRIG, viruses (p. 483) 
cause acute and chronic infections, e.g. inclusion blennorrhoea and 
tradioma. Severe infections with Ps. pyocyanea have followed the use of 
contaminated “eye-drops”. 

Purulent exudate from an inflamed conjunctiva should be treated as 
pus. Direct microscopy frequently shows microorganisms and a pre- 
sumptive diagnosis can then be made: this is particularly important in 
the early detection of gonococcal opthalmia. Small numbers of Gram- 
posifive coed, small Gram-negative bacilli or Gram-positive bacilli may 
indicateno more than the normal conunensal flora but the pneumococcus, 

K oonis, liaemojMlus spp., moraxella. Staph, aureus and coUform 
may be seen in numbers suffidenrto suggest a di^osis. The 
oiltures must always be incubated in the presence of carbon dioxide. 

■ In many cases there is a minimiun of exudate and diagnosis is 
facilitated by the inoculation of media and the preparation of smears for 
direct microscopy at the bedside. For this purpose a ffla t i n um loop 
(diameter 1 mm.) and d(q>es o& choedate in l-oz. screw-aq>ped 
bottles are usefod. 

Many cases of cmyunctival inflammation are not bacterial in ori^ 
and attention must be directed towards die drenonstration of vhfuses in 
aiidi inatancre. Material taken with a platinum loop £rom the con- 
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juflctiva is 8pw*d MI Btides, 8tdinedwhh*Gi<Misa*s stain and exanunedlbf 
inclusion bodies. 


PYREXIA OF UNCERTAIN ORIGIN 

Patients who have a significant and persistent fever (greater than 
lOO** F.),^ the cause of which cannot be readfiy diagnosed on 
examination, are classified as having a “pyrexia of unoertain origin*’ 
(PUO). Many such cases are due to infection and their diagnosis will 
depend upon the employment of any mediods to demonstrate tte 
presence of a spedfic pathogen in the tissues; thus while every ^fbrt 
must be made to recover the causative organism, recourse to indirect 
methods of diagnosis must also be made, particularly serological methods 
to demonstrate the presence of specific antibody. Further, it is 
frequently necessary to repeat examinations a number of times since 
negative results do not always exclude the possibility of infection. 

The procedure to be followed is usually along the following lines: 

(1) Examination of the Mood 

(а) Blood Films. — ^Direct films of the patient’s blood should be 
prepared and examined to exclude the presence of circulating parasites 
such as plasmodia; this examination will also indicate the white cell 
picture of the peripheral blood and this information may be a help in 
diagnosis. 

(б) Blood Culture. — This should be carried out on several 
occasions each day or on successive days. In cases of bacteraemia such 
as subacute bacterial endocarditis the number of organisms in the blood 
may be very small; to increase the chance of their recovery a series of 
cultures over a period of several hours should be taken. The presence of 
antibacterial agents increases the difiiculty of recovering the causative 
organism and, with the exceptions of benzylpenicillin and sulphona- 
nudes, their inhibitory effects can best be coimtered by dilution of die 
blood. 

(c) Animal Inoculation. — ^In some infections, e.g. lepto^irosis, 
brucellosis and rickettsial diseases, animal inoculation carried out with 
freshly drawn blood may be more successful than attempts at culture in 
artificial media. 

(d) Examination of the Serum. — ^Part of the blood drawn for blood 
culture may be set aside and allowed to dot and the smtm used for 
antibody studies. Serological studies should be done at intervals of 5-10 
days during the acute pt^ of tiie disease and latar durii^ the convn*- 
iescent stages. This allows demonstration of any rise or fall in tim 
amount ci antibody; the unequivocal interpretation of a sin^e remit is 
often impossible. Examinations should always be made for antibodllm to 
tbe enteric group of salmonellae (Widal test) and the brucella ^edss.^ 

It may be necessary to cany out as many tests as the labonkti^ is 
able to perfinm, in wMch case Burly laige quantities of sertnn wffl he 
required (up m 10 ml.). If postib^ indtonion of tiie roost 19^ omMi 
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of the infection is helpful as ^s will direct attrition to a more lii^d 
number of tests. 

(2) Examination of the Urine 

Routine examination should be carried out to exclude infection of 
the urinary tract and it should be remembered that urinary tract 
pathogens such as Esch. coK may be present only on intermittent 
occasions in chronic pyelonephritis. Occasionally Salmonella spp. can 
be isolated from the urine. 

In genito-urinary tuberculosis pyuria is usually present and Myco. 
tuberculosis may be seen after centrifugation and staining of the urine 
deposit; in leptospirosis, leptospires may be demonstrated by dark 
field examinations of the fresh urine. 

Repeated examinations may be necessary. 

(3) Examination of Faeces 

This should be carried out particularly for organisnois of the enteric 
and dysentery groups and for other causes of intestinal disease, including 
protozoa and the ova of helminths. In suspected virus infections it is 
advisable to match isolation of a virus with rises in the homologous anti- 
body titre of the serum. 

(4) Examination of Tissues 

Biopsy of tissue such as a lymph gland may be carried out. The 
tissue is best cultured, e.g. for M. tuberculosis ^ after grinding it in a 
homogeniser or tissue blender. It is essential to avoid contamination, 
especially when fluid cultures are used for the cultivation of the patho- 
gens. 

(5) Examination of Other Body Fluids 

Other body fluids should be examined microscopically and by 
culture if clinical signs or symptoms indicate this. Aspiration of secre- 
tions such as bile may be advisable to confirm suspected infection of the 
gall-bladder, liver or biliary passages, cerebrospinal fluid in meningitis 
and bone marrow in enteric fever. 

(6) Skin Tests 

In a number of subacute and chronic infections, hypersensitivity to 
the constituents of the causative organism develops. The inoculation of 
small quantities of suitable preparations of these bacterial products, eg- 
tuberculin, brucellin, the Frei antigen, results in a localised delayed-type 
hypersensitivity reaction at the site of inoculation in patients whh pr^nt 
or past mfection. The results of such tests may be helpful in making a 
diagnosis. 


POXVIRUS INFECTIONS 

VimoLA: Vaccinia: Cowpox: Varicella. — ^The teste used for th«e 
infectiims are both rapid and sensitive, so that within 48 hr. of collection 
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of the material the laboratory can make at least a provisional diagnosis of 
variola. It is of the utmost importance to employ these tests when there 
is even the slightest possibility of smallpox and they may give vslnable 
information in many at 3 ^ical or unusually severe cases of chickenpox. 
They may also be used in the investigation of vaccuJal lesions and in 
Kaposi’s varicelliform dermatitis. 

An essential precaution for the worker who collects or handles 
material from suspect cases of smallpox is that he should have been 
satisfactorily vaccinated during the preceding twelve moitths. Speci- 
mens must be taken from the patient at as early a stage of the disease 
as possible and for this purpose the following apparatus is required: 
six well-deaned, grease-free slides, a scalpel or needle, forceps, three to 
four capillary tubes, throat swabs, a screw-capped vial, ether, a spirit 
lamp, and suitable wooden boxes in which to transmit the specimens by 
post. The variola-vaccinia group of viruses are stable at atmospheric 
temperatures especially in (Med material protected from sunlight, and 
are thus an exception to the rule that precludes the despatch of such 
material by post. The following specimens are required: 

1. Pre-emptive or viraemic stage. A sample of 5-8 ml. of whole 
blood should be taken at the first indication of illness in all persons 
known to have been in contact with a case of smallpox. 

2. Maculo-papular stage. Clean the site of the lesion with ether 
especially if any ointment has been applied. Scrape six or more of 
lesions and transfer the material to the slides making a minimum of six 
reasonably thick films. Dry the films in air; do not heat them. 

3. Vesicular stage. Collect vesicle fluid from several intact vesicles 
into capillary tubes and seal the ends of the tubes in a flame. If this is 
not possible take up material from the lesions on throat swabs and also 
make smears on slides from scmupings from the bases of the Imons. 

4. Pustular or crasted stage. Remove 4-6 cmsts with forceps and 
place them in the screw-capped bottle. 

Send all the specimens together with the needle or scalpd blade used 
without delay to the laboratory. 

The tests used will differentiate variola from vaccinia and cowpox, 
and all three from varicella and herpes simplex. The distinction 
between variola and vaccinia is, however, a matter of some difficulty and 
depends largely on the appearance of the lesions produced by the two 
viruses on ffie chorio-allantoic membrane. 

Serological trats for antibodies seldom give information in time to 
be of use in the early diagnosis of smallpox; their main value is in 
establishing the nature of the infection in retrospect. VIHben, however* 
the hypersensitive state has been esublished by vaccination in die past* 
infection with the variola virus occasions an ac^enUed outpouring Of 
antibodies. The demonstration of a rapid increase in the amount of 
antibody in these circumstances may give valuable diagnostic mforma- 
tion, in cases of suspected mudlpox where a small number of tenons hm 
escaped observation and no material has been taken for virus Identifica- 
tion, or in cases variola sou m^pitono. If the patient has been reomdy 
^ccinated it will, however, not be possible to dononstrate a sigiuloaiN 
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rise in antibody titre* Paired samples of sera are required together irith 
full information of the vacdmtion history of the patient. 


INFLUENZAL INFECTIONS 

During the first 2-3 days of the acute phase of an ‘‘influenzal” illness 
the patient is instructed to cough vigorously and then to gargle im- 
mediately with five nal. of normal saline. The contents of the mouth are 
expectorated into a 1 oz. wide-necked screw-capped vial containing 2 ml. 
of medium 199 with added antibiotics. In the case of young cMldren 
who cannot gargle a well-taken throat swab is satisfactory. I The speci- 
men is placed at once in the freezing coils of a refrigerator. For 
transport to the laboratory it can be placed in a jar surrounded by an ice 
and ^t mixture or preferably in a special insulated box in Which it is 
covered with fragments of solid CO^ (—70® C.). An important excep- 
tion to this procedure is needed when infection with &e respiratory 
syncytial virus is suspected because this virus is inactivated by tempera- 
tures around 0® C. In this case the specimen should be sent very 
rapidly to the laboratory unfrozen. It is improbable that virus will be 
isolated from the patient after the third day of the illness. 

It is convenient to take the first sample of blood (5-10 ml.) at the 
same time as the throat washings. A second sample of blood i$ required 
10-16 days later. On no account must either sample of blood be frozen. 

In fa^ cases the autopsy should be performed with minimal delay 
and specimens of lung tissue involved in areas of consolidation or 
congestion should be frozen and sent without delay to the laboratory. 

The influenza viruses A, B & C, the four para-influenza viruses, the 
adenoviruses, the respiratory syncytial virus, and the rhinoviruses can be 
isolated by ^e inocailation of tissue cultures. In addition influenza 
viruses A, B and C can be isolated by the inoculation of the amniotic 
cavity of the developing chick embryo. The best conditions for the 
growA of the virus, e.g. the most suitable tissue culture cells and the 
c^timum temperature are given in the chapters referring to each of the 
i^vidual viruses. Chapter 57 gives details of the techniques required. 

Paired sera are examined by complement-fixation or haemagglutina- 
tion inhibition with the following antigens: influenza A, B & C, para- 
influenza 1, 2 & 3, adenovirus, respiratory syncytial Virus, psittacosis, 
etc. (see Chapter 54). A four-fold or greater rise in antibody titre 
between the acute and convalescent sera is accepted as indicating recent 
infection. 
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AFNENDIX 1 

CONTAINERS AND SWABS FOR THE C»IJLECTION OF 
SPECniBNS 


Speoimtns for bacteriolo^cal mvestigalion should be forward^ as soon as 
) 0 ssible to the laboratory in robust, leak^proof^ sterile contaiuers. It is 
^sential that each container should bear the name of the patiimt from whom 
he specimen is submitted and the accompanying form should be accurately 
K>mpleted. Relevant clinical data must indicate the probable clinical diag- 
losis, information regarding recent or current chemotherapy and, especially if 
I serological investigation is required, relevant details of previous immunisa«> 
:ion should be given. 

Glass Tunas and Universal Containers.— These ^ suitable for sub- 
[nission of specimens of exudate, pus, blooc^ cerebrospinal fluid, urine and 
faeces. Strong glass test-tubes, 4x | in., with rubber bun^ or bark corks, 
may be used. They should be sterilised in the autoclave with the bungs or 
corks loosely fitted and thereafter pressed in. Tubes with bark corks may be 
sterilised in the hot-air oven. 

The screw-capped bottle known as a universal ^ntainer is rep)mmended; 

It consists of a strong moulded glass bottle, 3^ in. highx in. diameter, 
capacity 1 oz. (28 ml.), with a flat base and wide mouth. These botdes arc 
supplied already cleaned and capped in l-gross boxes. They are sterilised by 
autoclaving with the caps loosely screwed on; after sterilisation the caps arc 
tightened. They cannot be sterilised in the hot-air oven, as the rubber 
washers will not withstand the temperature. 

The screw-capped universal container has many advantages over the ^iaas 
tube. It is stronger, and the screw cap keeps the mouth of the container 
sterile whereas dust collects at tbe rim of a stoppered tube. The contents of a 
universal container cannot leak or become contaminate and, as it is quite 
stable on its base, it is particularly convenient when specimens are taken at the 
bedside. 

For the collection of serous fluids, e.g. pleural fluid, the universal con- 
tainer is suitable. The addition of 0-3 ml of a 20 per cent, solution of sodium 
citrate to Ae container prior to autoclaving (wim the cap fitted) is recom- 
mended for the coUection of fluids that may coagukte on standing. TWs 
avoids difficulty in performing cell counts or centrifuging procedures with 
such fluids. 

Blood may be submitted in a universal container but a small quantt^ for 
serological investigation is more conveniently sent in a sterile glam tube fitted 
with a rubber bung. The blood clot may be cultured in sdecttve medium, 
^ for enteric organisms. Blood intended primarily for blood culture Aould 
be submitted in a special blood culture botide^ 

For the collection of /nsern, a small squat botde of about 2 oz. capacity, or a 
glass specimmi tube 2 in. x 1 in., fitted with a bark cork in which a small msiMl 
spoon w fixed, is sometimes used. Such containers have the disadvanta^ that 
fermentarion of the faeces tends to blow out the cork and cause leafi^ of 
thecontents. The corks have m be dtscmdedaftmusc^ The shoulder on the 
•HJttle makes cleaning difficult ^ , 

For quantises of the univeraal eontamm* sa reoommendoA 
Asmall wawm made irfria plate 3|x| im may l» inclsidedm^coip^^ 
i Pnor to ateipsatiiut Aportionmfaecmistskehuphithe^poooaiid^ 
2o 
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whole dfopped into die container and Ac cap Krewed on. ^tunatively, a 
wid^moutli 2 - 02 . screw-capped jar, known as a * pomade pot , is used and 
the faeces taken up in small cardboard spoons (such as arc used for ice-cream 
cartons). These containers may be transmitted to the laboratory by post, the 
package labelled 'Pathological Specimen**. 

V^en there is likely to be a delay of some hours before laboratory cultiva- 
tion can be carried out, neutral glycerol-saline should be added to the faeces. 

For small quantities of urine, e.g. for the diagnosis of most cases of urinary 
tract infection, the universal container is used (but see p. 563). For larger 
quantities, e,g. complete early morning specimens, 20-oz. screw-capped bottles 
are convenient. 

Waxed Cabdboabd Cartons. — For the collection of sputum and faeces 
when the specimen is not to be sent by post, screw-capped waxpl cardboard 
cartons of 2 oz. capacity (such as are used for cream and ice-creaml) are suitable. 
After the specimen has been examined in the laboratory the carton and 
contents are burned. Because of postal regulations the waxed carton cannot 
be sent through the post. Disposable aluminium containers (2 ini in diameter 
by 1 in. deep) are now available; they cost about 3d. each, can be dispatched 
by post, and are suitable for the collection of specimens of faeces or sputum. 
They should be destroyed in a furnace after use. ' 

Swabs. — swab usually consists of a piece of aluminium or tinned iron 
wire, 15 gauge and 6 in. long. One end is made rough for about } in. by 
squeezing it in a small metal vice or cutting edge of pliers. Around tl^ end a 
dw pledget of absorbent cotton-wool is tightly wrapped for about } in. The 
wire is placed in a narrow thick-walled test-tube, 5 in. x ^ in., and the top of 
the tube is plugged with cotton-wool. Alternatively, and where swabs have to 
be sent by post, the wire should be 4^ in. long and the top inserted ^nto a bark 
cork which stoppers the tube. The tube with swab should be sterilised in the 
autoclave and not in the hot-air oven, as in the latter the wool may char and 
give rise to tar-like products which may be inimical to bacteria on the swab. 
It is important to autoclave cork-storoered tubes with the cork loose and to 
press in the cork after sterilisation. Tubes plugged with cotton wool should 
be dried after autoclaving. 

Instead of wire, swabs may be prepared from thin wooden sticks 6| in. 
long that are specially made for the purpose, and are known as "Peerless” 
wooden applicators. A cotton-wool pledget b wrapped round one end as 
above, and the tube is plugged with cotton-wooL They cannot be used 
conveniently with a bark cork, but have the advantage that the stick can be 
broken off short when the swab has to be placed in transport medium in a 
screw-capped container. 

When taking specimens from babies and young children it is often 
necessary to employ a very fine swab so that sm^ oriBces, such as the aural 
meatus, txm be n^otiated without gross contamination from the external 
surfaces. These are made in the same way as the swabs described above but 
with fine rigid wire such as that supplied as ENT probes by George Stone 
and Son, 35 High Park Street, Liverpool 8. To avoid damage to the tissues, 
the end of die wire should be fused in a Bunsen flame before fixing a tiny 
pledget of cotton wool to it. 

Swabs are very useful for taking specimens from: 

i a) Throat: In cases of suspected diphtheria, tonsillitis, etc. 

6) Wounds, discharging ears, or surgical conditions, $,g. fistula, sinus, 
etc.: Some of the purulent material is taken up on the cotton wool* 

(e) Post-nasal or na8o*pharyngeal space: for tfab purpose tibe terminal}^ 
ia dwough an an|^ m 45 degrees, and in use is inserted beMnd the 90 ti i 
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pglute. Tl^ proceduie is useful for obwining spedmens from suspected 
Bieningococcsl csrriers siul for eturly dtagnons of vdioopii^^ugb. 

For the diagnons of whooping-cmgh a “penusal” swab may be eun- 
veniently used: this is made from 7 in. of flexit^ copper wire or nkhtome 
SWG 25 (0*51 mm. diameter), the terminal | in. beu^* bent back to take the 
pledget of cotton-wool, a very t^ layer of which is wound firmly round it 
The swab is contained in a 6 x ^ in. te^-tube plugged with cotton-wocd. The 
gwab is passed gently back from one nostril, along the floor of the namd cavity 
until it reaches the posterior wall of the nasophwjmx, rotated gei)% atid it » 
then withdrawn. 

(d) Rectum: rectal swabs are very useful in bacillary dysentery cases 
or contacts, especially in young children. 

(e) Cervix uteri: in gonorihoea and puerperal infections. A loi^r wire, 
9 in., is preferable for these specimens. 

>^ere some time may elapse before the swab is examined and especially 
where delicate pathogens are concerned, e.g. meningococcus or Bord. pertmm. 
It is advant^eous to place about ^ in. of st^e-agar (2 per cent, of agar in 0*85 
per cent, sodium chloride solution) at the bottom of the swab tube. This is 
done before the swab is sterilised. A bark cork is used as a stopper and the 
wire pushed through the cork so that the cotton-wool is dear of the agar. 
After the specimen has been taken, the swab is inserted into the tube and the 
wire pushed down until the cotton-wool pledget is in contact with the saline 

A spedal method for preserving the viability of the gonococcus in swabs is 
described in Chapter 47. The problem of bacterial survival is not confined to 
the Neisseria, nnce slow-drying is known to be lethal to most bacterial spedes. 
Transport media for various spedes are described in Chapter 47. Rubbo and 
Benjamin (1951), as a result of their comparative findings with many different 
pathogens, recommend the use of a serum-coated cotton-wool swab to proloi^ 
viability. The swabs are prepared by dipping the cotton-wool on a wooden 
applicator into undiluted ox serum for 10-30 sec., spreading them out tm 
sheets of blotting-paper, drying in an incubator at 37° C. for about half an 
hour, and finally sterilisii^ in the autoclave at 121° C. for 20 min. The 
finished product is a compact honey-coloured pledget, 3-5 mm. in diameter, 
m which the cotton-wool fibres are firmly bound to each other and to the 
applicator. Clinicians nuy need to be warned about the unusual appeatanoe 
of these swabs so that they will not think they have already beat us^ Fora 
more detailed account of swabs and swabbing methods see Cr ui d tah a nk (1953). 
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POSTAL REGULATIONS 

The PostmasteroGenenl has hud down the following inatructions for 
sliding pathological material through the post and tiliese should be rigorously 
observra: 

“Abticlbs snt ton. Medical Examination os Analysis.— Deleterious 
liquids or substances, though otherwise prohibited from transmission by post, 
may be sent for medical examination or analyus to a recoenised Medical 
Laboratory or Institute, whether or not belonging to a Public P^th Authority 
or to a qualified Medicri Practitioner or Veterinary Surgeon within the United 
Kingdom, by Utter post, and on rso account by pared post, under ^ folkrwug 
conStion: 

“Any such liquid or substance must be enclosed in a _ hermetic- 
ally sealed or otherwise securdiy closed, which receptacle muM i‘ if be placed 
in a strong wooden, leather or metal case in such a way that it lot shift 
about, and with a sufficient quantity of some absorbent material (shch as saw- 
dust or cotton-wool) so packed about the receptacle as absolutdy to prevent 
any possible leakage from the package in the event of damage to the receptade. 
The packet so made up must be conspicuously marked ‘Fragile with care' and 
bear the words ‘Pathological Specimen’. 

“Any packet of the kmd found in the parcel post, or found in the letter post 
not padmd and marked as directed, will m at once stopped and destroyed with 
all its wrappings and endosures. Further, any person who sends by post a 
deleterious liquid or substance for medical examination or analysis offierwise 
tiian as provided by these regulations is liable to prosecution. 

“If receptades are supplied by a Laboratory or Institute, they should be 
submitted to the Secretary, General Post Office, in order to ascertain whether 
they are r^arded as complying with the regulations." 

Hie fouowing receptades have been approved by the Postmaster-Graeral: 

For universal containers, media bottles and 2-oz. pots, a leatherboard 
box, internal size 4f in. x 2| in. x 1| in. deep with metal-bound e(%es and 
fiiU-depth lid, is used. The glass container is wrapped in a piece of cellulose 
tissue, 19 in. X 4| in., and then fits securdy in the box which is placed in a 
diaped summed envdope having a tag for the postage stamps. 

Swabs or cultures in tubes are wrapped in cellulose tissue and placed in 
hinged metal boxes having rounded comers, size 6^ in. long, 2| in. wide and 
1 in. deep. Leatherboard boxes with metal-bound edges of the same size are 
also permitted. These are placed in stout manilla envelopes which have a tag 
at the end for the postage stamps. 

For the 8-oz. ^ts and the 1-lb. jars, a larger piece of cellulose tissue is 
required, while the leatherboard box is rimilar in construction to the one 
mentioned above and large enough to take these receptades. 

Gummed labels printed with the name and address of the laboratory and 
the information required by the Post Office Regulations are often issued by 
laboratories when sendii^ out the postal materi^ 



AfVBNDlX 


m 


APPENDIX 3 

docdmentahon of specimens in ihe laboratory 

Specimens should be dealt with as expeditiously as possible after arrival 
at the laboratory, and efforts to deliver the material rapidly from patient 
must not be vitiated by urmecessaty delays consequent upon spedmens lying 
about unattended. Great care must bie taken to identify ^lecimens and 
request forms on arrival at the laboratory so that when their fitture separation 
occurs no mistake w^ arise: this is best carried out by lusting a responsible 
person label all specimens and corresponding forms with a duplicate serial 
number. For this purpose serial numbers printed on gummed paper, in 
duplicate, triplicate, etc., may be purchased; these are also useful for identi- 
fying tubes and culture plates that are used for the examination of the 
specimen. Different coburs and prefixes may be usefully employed to dis- 
tinguish different types of specimen or series of examinations and this facili- 
tates record l<^^ing and identification, e.g. T for tuberculosis, U for urine 
examination. Ihese serial numbers can be used for chronologic clerldng of 
specimens which serves as a cross reference system to an alphabetical ^ng 
system. 

In most cases it is valuable to examine and report on each specimen in the 
light of previous knowledge of the patient The information given by 
practitioners on bactetiolc^cal request forms is not usually sufficient for this 
and it is preferable to have the results of previous bacteriological examinatioa 
available m each case. This can be done by filmg the results of all examina- 
tions on a card for each patient; it is more informative and less time consummg 
if all laboratory findings are recorded on the reverse side of each request form 
and to file this in a smiall envelope or folder for each patient along with a copy 
of the report issued. This occupies less filing q>ace. The cobur of me 
folders may be changed at six month intervals and one year’s work is kept 
readily available. At the end of each six month period ffies more than one 
year old are removed for storage and bter destroyed. 

As each specimen arrives at the laboratory, the fiile for the pati^ is with- 
drawn and it accompanies the specimen throughout its examination; in this 
way the bacteriologist may direct bis examination and interpret his firidbgs in 
the l%ht of all the previous reports. 
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The Laboratory Diagnosis of Virus Infections of MKi ^-- continued , 



2. Bnun from autopsy in Frozen. 

I^oerol saBne. 

t. CBF. \in first Frozen. Animal inoculation. Before 10th day, Conq>. fixation. 

2. Citrated Uood. 1 4 days. after 21st day and 

again after 50 days. 
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CHAPTER 43 

PROPHYLACTIC IMMDNISATTON 

In recent years there has developed an increasing interest in the role of 
unmnnisation in the control of conununicable diseases. This fresh 
interest in immunisation probably derives from a number of contributory 
factors, e.g. the dramatic success of national pro^ammes for the control 
of diphtheria by immunisation; the publicity given to large-scale cam- 
paign for the control of diphtheria, tuberculosis and poliomyelitis by 
prophylactic vaccines; the wider knowledge made availjible through 
international bodies like WHO of the prevalence and economic impor- 
tance of communicable diseases in developing countries; me need for 
protection against the introduction of quarantinable disea^ like small- 
pox and yellow fever; and the growing realisation that treatment with 
antimicrobial drugs has definite limitations and disadvantag 


The Rationale of Immunisation 

The objective of immunisation is to produce, without harm to the 
recipient, a degree of resistance as great as, or greater than, that which 
follows a clini^ attack of the natural infection. With this objective in 
mind, those communicable or infectious diseases amenable to control by 
vaccination may be considered in four main groups; toxic, acute bac- 
terial, chronic bacterial, viral and rickettsial infections. In the first 
group, e.g. diphtheria and tetanus, the brunt of the infection is due to a 
spec&c poison or toxin which can be purified artificially, rendered jiarm- 
less by treatment with formalin (=toxoid) and used as a very effective 
antigen or prophylactic, particularly if it is adsorbed on to a mineral 
carrier, e.g. aluminium hydroxide or aluminium phosphate. (These 
alum salts are tissue irritants and therefore should be used in the lowMt 
concentration required for an adjuvant action.) The potency of toxoid 
antigens can be measured and standardised wi^ great accuracy, and the 
amount of antitoxin that is produced in the inoculated person gives a 
reliable indication of the degree of resistance to infection in that 
individual. 

Among the acute bacterial infections &ere are two categories as ^ as 
immunisation procedures are concerned: (a) pyogenic infections 
(tiiqjhyioGoccal, streptococcal and pneumococcal) against vtiuch yacdses 
are largely ineffective, sino(||||liere are numy different antigenic types 
within the species, e.g. pneumococcus type 1, 2, 3, etc., so that an iofec* 
tion (or immunisation) with one type does not protect against infection 
with other types; (6) infections lite whooping-coug^ cholera, plague 
and anthrax, where there b one antigenic tj^ of organism, so that a 
vaociiie fnepared with tiie infecting organism mi^t be expecmd to 
a xeaad]ud»le d^ee tff protection. However, tiiese organisms oootaiu 
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digacRt anliitewc corappoen^ 

arc particdliriy cooocjoed with t3» vindence dt ilie oigMusm. Ik » 
ioiportant to to identify and certainly to pieamc tlieae OhaJkd 
“protective antigens*’ in vaccine preparationa. 

Another b that in bacterial infections tike whooping^^ou^ 

and cholera* the infection affects predominantly the epithehaisuxi^nes so 
that antibotUes produced as a result of vaccination imy OjOt easy 
access to the site where the pathogen is ptodudhg the tnfertf^ For 
this and other reaso^ it was essential to test vaccines agahwt whoopu^- 
cough and diolera in property controlled field trials, to that objective 
assessment of their value could be obtained. 

So far, the assumption has been implicit that the production of a 
specific protecting antibotfy is the main requirement for effective im- 
munisation, al^ough it should be noted that immunity may persist long 
after such antibodies cease to be demonstrable, as in whooping-cough. 
When the chronic bacterial infections are considered (e.g. typhoid, 
brucellosis, tuberculosis), it must be concluded from knowledge of the 
natural behaviour of these infections that the specific humoral antibodies 
which can at present be identified play little part in overcoming the 
infection. Thus, antibodies to the spei^c antigens of the typhoid and 
brucella bacteria are demonstrable in the blood of the patient within a 
week of onset of the clinical illness, but the fever may go on for many 
weeks before clinical recovery. In addition, relapses in these contmu^ 
fevers are not uncommon despite the presence of high concentrations of 
specific antibodies. In contrast to the acute bacterial infections, the 
infecting organisms in chronic infections are for the most part intra- 
cellular parasites, and it seems likely that what is called ceUsdv immunity 
may be more important in overcoming the infection than the presence of 
humoral antibo^es. It may be not^ that in tuberculosis and brucel- 
losis a living attenuated vaccine is needed to produce immunity. The 
development of tissue hypersensitivity probably plays a part in rat«ag 
resistance to infection or re-infection in these and some other infections. 

In the viral infections it is known that humoral antibodies may be 
protective, but, again, cellular immunity seems to be impmtant in some 
diseases. Thus, children with hypo-gumnaglobulinaetnia can recover 
from infections 1^ measles, duckenpox and mumps with an apparentfy 
good inununity without detectable humoral antibody, whereas they 
rapidly succumb to acute bacterial or toxic infectitms. Such thUdm 
can also be successfully vaccinated with smallpox vaedne (and with 
BCG). But again, repeated attacks herpes amplex occur ih tiie 
presence ek humoral antibodies. These fint^gs indierte that ^pedfic 
hummxl antibodies do not play a nuyor rule in recovery from some viras 
diseases. On the other hand, immunity yrttsin infwtions sbeinsto bn 
equated wi& tiie presence oi antibody; Affinan gammag^buhn can he 
used effectivdy to protect aeunrt mauties and kified vind vdoniBai, 
which probtbfy act mainly m virme of the production of huawnd 
mtibody, am protect agptinst dheaam Uke infiuesta ntwl potioK 
myelitia. 
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Iftumute Jtmpmue dtJmmmity 

The newborn baby may contain in itt blood mtib^es to the agents 
of certain toxic, bacterial and viral infectiom according as the corres- 
pondin|^ antibodies are present in the mother^s blood, '^bia passive 
immumty gives protection to the infant at a time when it is poorly 
equipped to produce specific antibodies, but it interferes to a varying 
extent with the infant’s capacity to respond to the stimulus of toxoids or 
vaccines in the early months of life. For example, killed poliomyelitis 
vaccines elicit little or no antibody response in most children under 6 
months of age because of the presence of maternal antibody. The 
capacity of the infant’s tissues to produce specific antibody to injected 
antigens is, in any case, poorly developed in the first few months of life 
although some response is obtained to powerful antigens such as alum- 
adsort^ toxoids. It should be noted that the newbori^ infant will 
respond to living vaccines, e.g. BCG and smallpox vaccine 

When a good specific antibody response is being sought td a toxoid or 
killed antigen, the usual procedure is to give two or three doses of the 
antigen at intervals of several weeks. The first dose of antigen evokes a 
poor antibody response after a latent period of approximately two weeks, 
but after the second dose the amount of antibody produced is multiplied 
tenfold and after a third dose may be increased a hundredfold. The 
first or ‘‘priming” dose of toxoid will be more effective the lareer it is; or 
if it is released slowly as from a mineral carrier; or if it is c^ed with 
certain bacterial vaccines, e.g. tetanus toxoid plus typhoid vaccine, 
diphtheria toxoid plus pertussis vaccine. The second and subsequent 
doses are effective in much smaller amounts than the first, and wiffiout 
the help of adjuvants. With toxoids the response is much better if the 
two doses are spaced out at an interval of four to eight weeks, and, 
provided the priming dose is adequate, the response to the second dose 
wiU s till be even if given six to twelve months after the first. It 

is not known whether this delayed secondary response is applicable also 
to killed bacterial or viral vaccines: certainly with Salk-type polio 
vaccines, it is considered advisable to give the second dose not later than 
four weeks after the first dose. Where there is reason to believe that a 
community has acquired a basic immunity from the widespread occur- 
rence of clinical or inapparent infection, as in influenza, one dose of 
antigen will act as the second^ stimulus. 

As regards the duration of immtinity after the basic course, this can 
be measured precisely in the case of toxic infections according to the 
levd of specific antitoxin in the blood, or, less precisely, in diphlberia by 
the Sdiick test Recent studies have shown that an adequate concen- 
tration of diphtheria antitoxin may persist in tihe blood of children for 
several years after primary immunisation in early infancy. After a 
priinary course of three doses of tetanus toxoid, a satisfactory antitoxw 
ritm may be present for as long as mn years* 

The duration of immunity after injections of killed bacternd vacd^ 
cannot be equated with the praience of demonstrable antfoody; 
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[example, aftw * cpwrse df t 4 uree doses of jpertusds vacdiie given to 
f children {average age «» year) th«e was no chai^ in die degree of 
protection in siioces»n« six montltt during a follow>up period of two- 
j^d-a-half years, although antibodies were no longer detnonatraUe in a 
considerabte propo^on of the children within a year after iinmunidatkm. 
Again, in the duronic bacterial infections, there is no correlation between 
antibody titres and clinical protection, as was shown by the conttolied 
studies of t^hoid vaccines in Yugoslavia. In the vkal inlecdons, 
although antibody titres are accepted as a measure of the d^ree of 
protection, there are certain anomalous findings : for exanqde, titres 

of neutralising antibody have been found in the early stages of fatal 
infections in smallpox. 

For these bacterial and viral infections, therefore, the only reliable 
measure of the duration of immunity after vaccination is a careful 
assessment of the attack rate over a period of time, preferably in com- 
parable groups of vaccinated and non-vacdnated children. 

Controlled Field and Laboratory Studies of 
Pn^hylactic Vaccines 

Evaluation of prophylactic vaccines and toxoids by means of carefully 
designed field triab has in the past two decades resulted in a revolu- 
tionary change in the accuracy with which the degree of protection 
afforded to the inoculated can be assessed. Public health programmes 
for the use of vaccines so tested can now be planned with the assurance 
that a known degree of effectiveness will be obtained. Vaccines sub- 
mitted to controlled field trials so far include those against whooping- 
cough, tuberculosis, typhoid fever, influenza and poliomyelitis. It will 
be noted that although BCG and typhoid vaccines had been available 
and in tise for many years prior to the time the new methods of field 
testing were generally applied, th^ had ultimatdy to be submitted to 
controlled trials before a true assessment of their value could be made.^ It 
18 only by statisticallyacceptable studies which give unbiased information 
that controversy is settled and confident use can be made of the vaccines 
on a large scale. 

Well-planned studies, though costly, save money, time and misplsoed 
effort in the long run and can give information not otherwise obtainable 
on dosage, combined antigens, duration of immunity and hke. 
Combined field and laboratory studies of vaccines mm at providing ooor 
fidence in the efficacy of future vaccination programmes. Sufficient 
confidence can only rarely be attained if the studies do not observe t^ 
basic prindples, whidi may be called ( 1 ) ffie principle of otunpandfili^ 
and ( 2 ) the principle of reproducibility. 

(1) rAeJFrmct^o/Cos^iwadffi^yensunscoofideimetbiNsnalNervcd 
degree of protection i^parendy conferred upcm a populatiiQa grntqt by 
vaccination was due to ffie vacdnation ana not to offint t wnn c B in- 
fluences. It requires ccnnpaiison of ffie inctdmoe of the di h ca ise hr two 
or taote ^ups, and ptecttiticmB to ensure that those gpnxqw oon bo 
I regarded as identical in aU mpects excqit for the ftKtor cff vwQGtnorioo. 
I 2p 
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The most convindi^ evidence will be (Stained if one of the groups 
in a field trial (“the control group”) remains unvacdnated, is vacci- 
nated with an unrelated vaccine. If it is not feasible to have a cwitrol 
group, comparisons may be made between groups inoculated with 
vaccines that are pr^ared in different ways, or smnetimes between 
groups treated with the same vaccine but using a different dosage 
schedule. 

(2) The Prindpk of ReproducUnUty ensures confidence in obtaining, 
in future vaccination programmes, the same degree of protection as was 
observed in the initial field trial. It requires precautions to ensure that 
the vaccine which was proved to be of value in the field trial can be 
prepared again and can, if possible, be validly tested m a laboratory 

A field trial can only show whether or not the actual preparation of 
vacdne used in the trial was successfuL What is then nWed is con- 
fidence in the ability to reproduce this particular preparatim or of pre- 
paring an equally or more efficient preparation. The Ipreparation 
method must therefore be meticulously described and th^ la^ratory 
studies must include assays of different vaccine preparations in experi- 
mental animals, in order to develop a laboratory method yielding results 
that parallel those obtained in the field; this procedure permits the 
assessment of the protective value of future vaccine preparations by 
laboratory assay alone. 

If the essential protective antigen of a microorganism could be 
isolated, identified and quantitatively assessed with chemical' exactitude 
and if the mechanism of the production of immunity by the host were 
understood, there would clearly be no need to do more ffian to measure 
the amount of protective antigen in the first successful vaccines tested. 
It could then be ensured that all subsequent vaccines contained similar 
or greater amoimts of the essential constituent. 

Such measurement can be made with some approach to accuracy 
with toxoids such as the diphtheria or tetanus prophylactics, but mth 
most bacterial and virus vaccines, killed or living, thrs is not possible, 
and the principle of reprodudblity must therefore be carefully observed. 
It is then necessary to compare a series of vaccines in field studies ^d at 
the same time to sulnnit ffiem to as many laboratory studies as possible in 
the hope that variations of protective power in the field will occur and 
will be r^ected in one or more laboratory tests. The laboratory test 
which gives results most closely corresponding to the protective value 
may ffien be adopted as the test for fiitare batches of vaccine. 

Emn^M of Contndlod Mala of Frophj^atotie YsooIim^ 
Some examples ate given of well-conducted field trials ffiat have giyeo 
vi^able infbrmafion on the usefulness of prophylactic vaocmation 
against certain infectious diseases in defined communities. 

(a) Whoepk^-cough . — In whooping-cough, following the earii^ 
of Kmdridt and Eldering in Grand Rjqtids, Mim^an, a con* 
series of controlled fieM and laboratory triab m pertussis 
vaeeines have been carried out in the United Kingdmn. Attogethcr 
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some 50,000 dbilctmi in tiw age range 6 months to 2 years ^rare tnoca* 
and 25 different vacdnes 'were tmted. The following] is an 
jjrttact from the Int three reports (Report, 1959a): 

“The residts of the trials clearly showed that it was posstbfe by 
vacdnation to produce a high degree of protection against the disease, 
as diown by the substantial reduction in the attack rate amongst 
home contacts, and, in those cases where vacdnation failed to g^ve 
complete protection, to reduce the severity and duration of the 
disease. The results also showed that the different vacdnes em* 
ployed varied a great deal in their protective action; the poorest 
gave an attack rate in home contacts of 87 per cent., and the most 
effective an attack rate of 4 per cent.” (see Fig. 36). 


N.R.C. PERTUSSIS COMMITTEE VACCINE TRIAU 
“HOME EXPOSURE” ATTACK RATES IN 
CONTROL AND VACCINE GROUPS 
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10 UNVACCINATCD 
GROUPS (m«aii r»t«) 




2S VACCINE GROUPS 
(liidIvMuat ntn) 

Fio. 36 

OM ISHMMtMtjM CWIAomI. 
LMagstoae, 1960.) 


In regard to laboratory assays of poti^, three meAods of ew^ 
tion were used: iiigglutiiiiii wponse inthc inociilitei diildxw» igpiiliiii® 
response in and the inouse-brain protectiM teit w 

these tests oorrelAted well atttdk rates in ineeulated diiMm 
ttiost of the vaccines testedi but there was a ladt rf eotrrrirtjon J 
purified antigenic fraction of B* (the filkmer firaetioii) whkh 
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gave good piotectioa cUnically but a poor agglutinin refuse in mice, 
ft was thenfene considered tiiat the mouae^brain protection teat traa ^ 
most satisfactory in aasessii^ prophjdectic potency. ^ The conpidation 
between field trials and laboratory tests is shown in Fig. 37. 
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(i) TH^reubsif.—Dta^ite ^idemiologtcal evidence, pirticukrly 
from Sca n di n a v ian countnea, of the protective effect of BCG vac(tihia> 
tion, thwe ivere until recently very few weli-controUed trials fron urihidh 
a critical asaeasment of the vacdne could be made; Now, ctmtrolled 
geld trials in different age-groups and communities, have shown that 
BCG and vole bacillus vaccines can give a hij^ degree of protectton 
(around 80 par cent.]) to vaccinated infants and adolescents, and that ffitt 
protection may persist for as long as ten years after vaccinatton. The 
British data (Report, 1959b) for school leavers in three industrial areas 
carefully follow^ up for over seven years are shown in Fig. 38. Despite 
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YEARS AFTER VACCINATION 


FiOe 39 

The incidence of tubetculoaie in the unvtcdnat^ and vaccinated atoupc 
in the Brituh Medfcal Reaeeich Council’e vecctnes trial. 


these satisfectory results, other trials carried out in the srwthem stafea of 
the United States have shown only a small degree of j^rotectkm to ff»e 
vaccinated compared with die control groups. This lattor findit^ iiaay 
he related to s hic^ incidenoe of low-dc^ree sensitivity to toberonSn. 

Some counwies felkw the oiig^ Caimette piocedbre of jjpbnbg 
^ge repeated doses of BCG vaccine by motnh, hut aport nm a 
>^nt trial in Algeria tiaere seem fe be no oootrotkd atudim to 
Protective value of tite ontl rmite td vaodnation. 
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(c) PoUoH^U ^. — ^The relatively low inddence of panfytie polio* 
myratis, even in well-developed countries, has meant that a oitical 
et^ation of polio vaccine would require very large numbers of children. 
Sudi a study was carried out in the United States of America vhere over 
half a million school-children ^ed 6-8 years were involved in a strictly 
controlled trial in 1954. The overall attadk rate of paralytic polimnyelitis 
in the vaccinated and placebo groups was in the ratio of 1 : 3*5. This 
ratio was much greater for the grave bulbo-spinal (1 : 18) than for s pina l 
poliomyelitis (1 : 2*5) and was progressive^ greater in the 6, 7 and 8 
year old children (see table p. 598). Subsequent trials carried out in the 
United Kingdom and Sweden have supported the American conclusion 
that killed poliovirus vaccine can give a high degree of protection. 


Paralytic Poliomyelitis Cases by Age and Vaccmation ^tatus 


Age (1 May 1954) 

Vaccinated 

Placebo 

Percent. \ 
Effectivene8s\ 

SL 

6 years: 





Number 

16 

21 


NS 

Rate per 100,000 

37 

49 

24 


7 years; 





Number 

12 

48 


0*001 

Rate per 100,000 

16 

64 

75 


8 years: 





Number 

4 

29 


0*001 

Rate per 100,000 

7 

53 

87 


9 years: 




0*01 

Number 

1 

9 


Rate per 100,000 

4 

37 

1 

89 


All i^es (6-10 and 
over): 


■I 


0*001 

Numba 

33 



Rate per 100,000 

16 

m 

71 



SL<b level of •tattcUcaheigniificance. 
NS=>not Mgnificant at level of 0*05. 


More recently, a live attenuated polio vaccine, often called Sabin 
vaccine, which am be given orally has become widely used. It may be 
taken in syrup, candy or on a lump of sugar either as monovalent 
vacdne, usuaHy in the order type 1, t^ 3 and type 2 polio vaccines, at 
4-8 wetHilty intervals or as 3 doses of a trivaleDt vacdne at 4-8 wec^ 
intervi^ Iheadvanb^ of the living oral vaccine are ease (tf admh^ 
tratum, cheafmess and me establishment of a local mt itmminity tvhi^ 
inleifem with paradtisation by the virulent wild strains. Theremafbe 

































TYPHOIO VACCINE 59$ 

some incarcase in neurovirulence for the monkey in vaccine strains that 
}x8ve become established in the intestine but, despite some r^iorted 
cases of poliomyelitis, mostly in adults, widi the Qrpe 3 vaccine aftain in 
U.S.A. and Canada, it may be accepted that oral vaccination is safe 
and effective. 

(d) Typhoid.— -^iSaxto!^ it has been assumed for many years that 
anti-t^hoid vaccination Im made a major contribution to the ccmtrol of 
typhoid, particularly for tiie armed forces in times of war, certain 
anomalous findings among vaccinated troops during and tStes die second 
world war raised doubts and called for a fresh critical assessment of 
typhoid vaccination. A controlled trial of two vaccines (heat-killed 
phenol-preserved, and alcohol-killed alcohol-preserved) with a control 
group given a Flexner dysentery vaccine, was carried out in an endemic 
typhoid area in Yugoslavia, involving over 35,000 inoculated persons in 
the age range 5-40 years. The results, over a two-year follow-up period 
(1954-55), showed a significant degree of protection in those reedving 
the phenolised vaccine, whereas there was insignificant protection with 
the alcoholised vaccine (Report, 1957). It is interesting that in the 
following three years provisional data showed that those who reedved 
two doses of phenoli^ vaedne in 1954 and a booster in 1955 still 
showed a significantly lower attack rate than the control group (see table, 
p. 599). 


Typhoid Cases in Vaccinated Groups 


Vaccine 

1954 

1955 

1956 

1957 

1958 


No. of 
vacc. 

No. of 
cases 

No. of 
vacc. 

No. of 
cases 

No. of 
cases 

No. of 
cases 

No. of 
cases 

Alcohol . 

12,017 

17 

8,913 

6 

1 

0 

6 

30 

Phenol . 

11,503 

7 

8,595 

2 


1 

2 

13 

Control . 

11,988 

23 

9,002 

8 

H 

6 

9 

so 

mm 

35,508 

47 

26,510 

16 

■ 

iim 

17 

93 


Further controlled field trials of typhoid vaednes have since been 
carried out in British Guiana, Yugoslavia, Poland and U.S.S.R. In the 
British Guiana trial (Ashcroft et ^., 1964) about 72,000 school diildren 
aged 5-15 years were randomly allocated to one of three vaedne groups 
raving two 0*5 ml. injections, at about 5 wedcs’ interval, of, respec- 
tively, acetone-killed ^hoid vaedne, heat-kUled phenotii»d typhoid 
vaccine and tetanus toxoid (as contrd). The aven^ annual attadt 
rates ^er 10,000 in the' three groups in a 26 months follow-up period 
trere, in the order, 1*0, 3*6 and 14*2, thus omifirmii^ the prcAective 
value of ^ ptenolised vaccine but also demanstrating a mack higher 
prophylactk effectiveness (ff the aoetime-ktUedvaoctne. TheseiGm#^ 
correhorated in the second Yugoslav trial ahhooig^ tho dsfrae d 
protection was not so high. 
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Hasards of Xnummisation 

It is axiconatic that prophylactic agmts, before th^ are issued for 
use, should have been shown to be ^e as well as effective, and the 
Therapeutics Substances Act regulations require certain tests for sterili^ 
and toxicity to be carried out on these prophylactics. Nonetheless, there 
are certain inddoital hazards associated with the injection of inunu. 
nising agents, and the first of these relates to the syringe and needle to be 
used for the injection. The best way to ensure that a syringe and needle 
are sterile is to heat the assembled outfit in a hot air oven at a tempera- 
ture of 160° C. for one hour. The next best is the use of high pressure 
steam in an autoclave or pressure cooker, which, with the syringe dis- 
mantled, can again ensure absolute sterility, i.e. the destruraon of both 
sporing and non-sporing micro-organisms. Although boiling does not 
kill the more resistant sporing organisms, this procedure ia accepted as 
reasonably safe for the re-sterilisation of syringes that have aheady been 
properly sterilised in a hot air oven or autoclave. In other wWds, where 
many injections are being given, as at a baby clinic, repeated boiling of 
the syringe and needle for ten minutes is accepted as adequate protection 
against the risk of transference of infection. A sterile syrin^ and needle 
must be used for each injection to avoid the risk of transferring the agent 
of homologous serum hepatitis, for a syringe, if used for repeated injec- 
tions with a fresh sterile nee^e each time, may carry over minimal 
amounts of tissue fluid. The skin should, of course, be cleansed and 
preferably treated with a quick acting antiseptic such as 2 per cent, 
iodine in 70 per cent, alcohol immediately before the injection. For 
smallpox vaccination, the skin should simply be cleansed with soap or 
methylated ether and then allowed to dry. It is unwise to give an 
injection to a child who is obviously suffering from skin sepsis; and 
smallpox vaccination should be avoided in a chUd with eczema, because 
of the ri^ of generalised vaccinia. 

In regard to reactions, there is as a rule little or no local or systemic 
reaction followii^ the injection of plain toxoids, but when aliun is added 
to the toxoid there is usually some local reaction because of the irritant 
effect of the idum. For this reason the injection should be given deep 
subcutaneously or intramuscularly, so that any fibrous nodule at the site 
of injection is not easily felt. With killed vaccines, the amount of local 
or systemic reaction is usually greater th^ with toxoids and with b<^ 
TAB and pertussis vaccines there may be local swellii^ associated with 
some fd>rile reaction within the first 2+-72 hr. after inoculatiom After 
injections c& pertussis vaccine, cases of encephalopathy, manifeMed by 
convi^ions and coma and followed sometimes by metttd detcdmrstion, 
have been reported. It is impossible to estimate the risk of ffus hazard, 
but it occurs m probably less thanone in 1 million injections and hasbem 
noted partkul^y in the y.S.A. In view of tms rare hamrd, it » 
advisable to avoid giving pertussis vacdne to children with a history <» 
repeat^ convulsions and to children who are convalescent ftom soroe 
other illness. 
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TiMre is wiy Ktlte ri* of reactii® following the 
virus vscdnes. A few instanoes of sUei^ reactioiM ia pstioats who 
were already hypersemtive to penidllm have been recorded, tm as 
nianufacturers are giving up the use of penicillin in the production of 
poliovirus vaccine, this hazard is not likely to occur in future. Both local 
and systemic reactions to influenza virus vacdne may occur in a low 
percentage of persons; here and also in the use of yellow fever vacdne, 
enquiry should be made about the patient’s sensitivity to eggdnoe thoe 
vacdnes are prepared from chick embryo tissue. 

With snumpox vacdne thm is the reco^sed, if smaU, ridi of post- 
vaccinal encephalitis when primary vaccination is carried out on a school 
child or adult. It is perhaps not so widely known that the ridt of post- 
vacdnal encephali^ seems to be rather greater in children under 1 year 
of age (15'8 per million) than in children between 1 and 4 years of agt 
(2-1 per million). Again, generalised vacdnia is more likdy to occur in 
infants (51 per million) than in 1 to 4 year olds (23 per n^on). But 
these h^rds are adimttedly very small and should not necessarily 
influence the doctor in deddii^ on the most convenient time for givii^ 
particular inoculations. 

A complication that has attracted considerable attention in recent 
years is the so-called “provocation” poliomyelitis, which may occur as a 
paralysis in the inoculated limb in c^dren within a month of recdving 
some prophylactic inoculation. In an MRC investigation (Report, 
1956), the overall inddenceof provocation poliomyelitis was 1 pfv 37,000 
inoculations. The risk, however, was greatest with a mixed diphtheria- 
pertussis vaccine containing alum, where the rate was 1 in 15,000 iiqeo 
tions. Significant, but nnaller risks, were observed with the diphthma 
prophylactics APT and PTAP, and with the mixed diphtheria- 
pertussis vacdne without alum. No significant risk was found after 
plain pertussis vaccine, TAP or formol toxoid, or smallpox vacdne. 
Because of the hazard associated with an alum-containing combated 
prophylactic the Ministry of Health have advised against the use of such 
prophylactic agents. Studies both in this country and in Omada 
indicate that the hazard assodated with combined diphtheria-pertusns 
or with the triple diphtheria-tetanus-pertussis vacdne is so ao^ as to 
; warrant the continued use of combined prophylactics because a£ their 
I administrative and other advanteges. Purified diphtheria tinmd » per 
[ se a poor antigen. 


immunisation schedules 

The aim of immunisation programmes ia the control of infeoticm in 
|he community raflier than individual protecrimi. A lower levd of 
inununity flian is naoesaary for solid indimual protocrion cam efhtelihidy 
r^uce the incidenoe of cfxaanunicabte diseases if a {noptterion Of 
<he susceptibte community is immunised. Thus, in diphthern, thMh is 
3 rapid reductioa in bo^ mortudity and mortality when fiB-TO pet eeat* 
of the pre-sdbocd and sdiool chilmen are effiecfivdy hmnlinised. It fa 
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atated that smallpox may be controlled when iq)proximatdy 80 per cent 
of the i^ole communt^ has been successfully vaccinated. Tetanus is 
an exception to this general rule in that protmrdon of a proportion of the 
population does not reduce the risk to &e non-immunised individual. 

For countries with well-developed systems for the collection of 
morbidity and mortality data relating to communicable diseases plug 
good mescal services, it should be relatively easy to decide what vacci- 
nations should be carried out and h9w best the programme can be 
effected. Nonetheless, delays and lac^ of co-ordination in the applica- 
tion of knowledge frequently occur even when a good organisation is 
available. There is also the risk that the incidence and importance of a 
disease may be under-estimated or noiscalculated if notification is poor, 
or mortality rates are falling, e.g. in tuberculosis and whooping-cough, or 
deaths are attributed to secondary causes, e.g. bronchopneumonia 
following measles or whooping-cough. In countries with limited 
medical services it is essential that strenuous efforts be made to provide 
satisfactory vital statistics and, by sample surveys or othw means, to 
obtain a reasonably accurate assessment of the main causes of morbidity 
and mortality. 

In the United Kingdom most of the inununisation work is done either 
at child welfare clinics or by the family doctor or paediatrician. While 
there are obvious advantages in having the immunisations carried out by 
the family doctor (and the available evidence indicates that the propor- 
tion of immunisations done by practitioners is steadily increasing) it is 
essential that there should be a well-organised system for ensuring that 
the child receives its injections at the appropriate age and time intervals 
and that there is an efficient system of recording the immunisations. 

An immun isation campaign carried out without provision for its con- 
tinuation as a routine procedure will not give satisfactory results — except 
where complete eradication is achieved. Therefore, in planning immu- 
nisation schedules, provision must be made to ensure receptivity by the 
public and, particularly, to secure the co-operation of parents who have 
to bring their children to the doctor or clinic for repeated inoculations. 
These measures are essential for the successful execution of the pro- 
gramme. 

Knowledge about the duration of immunity following the primary 
course of immuni sation and after booster (or recall) injections is not yet 
sufficiently precise in a number of communicable diseases. The 
number and timetable of booster dos^ must, therefore, be left rather 
elastic. The need to use efficient prophylactics and, wherever possible, 
vaccines that can be starulardised, cannot be over-emphasised since the 
continuance of immuni sation programmes with the co-operation and 
confidence of the public depends on the successful results of these 
procedures. 

The two schedules set out below are suggested models (a) for ar^ 
with wi^-devdoped medical services, and (i) for devdoping areas with 
inadeq^te medicd services. 

It is envisaged that schedule (b) will be used in countries with a 
iaddence of clinicd poUomyditiB. In such areas poiiomyelifas vaccine 
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should not be emplc^Tod routinely, but should be available to th<»e at 
special iM of clinical disease. 


(a) Si^ested Schedule of Immumsation in Areas with 
Adequate Public Health Medical Services 


Age 

Visit 

Vaccine 

Injection 

Interval 

1 to 6 months 

1 

Diphtheria, Tetanus, 

1 




Pertusds 


4-6 weeks 


2 

Diphtheria, Tetanus, 

2 




Pertussis 


4-6 weeks 


3 

Diphtheria, Tetanus, 

3 




Pertussis 



7 to 11 months 

4 

Poliomyelitis (oral)* 

- 

4-8 wed» 


5 

Poliomyelitis (oral) 

— 

4-8 weeks 


6 

Poliomyelitis (oral) 

- 


18 to 21 months 

7 

Diphtheria, Tetanus, 

4 




Pertussis 



Smallpox vaccination during the first 2 years, preferably in the second year 

School entry 

8 to 12 years 


Diphtheria and Tetanus 
Diphtheria and Tetanus 




Smallpox revacdnation 



Over 12 years 


BCG 




* PoUtnuyeUtis . — If a child has had two doses only of Salk vacdne 
he should receive two further doses of oral vaccine to ccnnplete the 
primary onirse. The second dose could be at a convenient time sucb as 
school entry. 

Children who have already started a course of immunisatum with 
killed vaccine may, at the doctor’s discretion, eithmr complete the onirse 
or be given oral vacdne, as follows: — 

(i) If a child has had only one injection of Salk vacdne, a full course 
of three doses of oral vaccine should be administered. 

(ii) If a child, aged 5-12 years, has had tftree injections of SaBc 
vacdne, the fourth injection may be replaced by one dose of oral 
vacdne. 


7V(6ercttloi«r.--BCG vaccination. High prevalence areaa: first 
^'x^tioa within first four wedu of Ufe or, where the modified vend- 
nation schedule is used, BCG vacdne may be given at the SMtne tahe 
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(b) 


msdical MicBoawLoet 

ImmmitOimmArmtM 
Iftadequoit Medieal Stnictt 


Age 

Prophylactic Vaccine 

Vunt 

0-4 weeks 

(1) BCG vaccination. 

Ist 

3-9 months 

(2) Sinallpox vaccination. 

(3) Diphthcria-pertussis-tetanus (triple vac- 

cine witih alum): 2 doses at an interval 
of one month. 

The first injection could be given at the 
of smallpox vaccination. Smallpox vacc^- 
tion is verified at the second visit. Failures 
of smallpox vaccination are re-vaccinatedL 

2nd~ 

and 

3rd 

School entry or 
soon thereafter. 

(4) Diphtheria/tctanus booster (plain or with 

dum). \ 

(5) TAB vacdnation: 2 doses at an intervm 

of one month. 

(6) Smallpox re-vacdnation: at the time of 

second TAB injection. 

4th 

and 

5th 

10-14 years 

(7) BCG re-vacdnation (in tuberculin 

negative reactors). 

(8) Smallpox re-vacdnation. 

(9) TAB booster. 

6th 

and 

7th 


the second dose of triple vaccine at 4 to 8 months of age. Pre-vacdnation 
tuberculin testing may have to be done at this age, depending upon the 
infection risk during Ae first year of life. Re-vaccination at school entry 
and at school leaving age, after tuberculin test. 

Low prevalence areas: first vaccination — in school or before leaving 
school after tuberculin test. Re-vacdnation may be performed on 
military recruits, students, and on the occasion of routine examination of 
other occttpatumal groups. 
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PARTY 

IIBOINICAL METHODS 


CHAPTER 44 

MICROSCOPY 

The studjr of the morphology of very small oi^ianisms is of sudh importance 
that the miCTobiologitt must of necessity be a competent microaoopist. It is of 
paramount importance for him to obtain the best possible performance from 
his instrument and for this a sound knowledge of the basic optical principlea 
involved and an understanding of the construction of the microscope are 
essentiaL 

Microscopes designed by different manufacturers differ enormously in 
their outward appearance, but essentially most consist of three parts — tiie 
stand, the body and the train of optical lenses. A typical monocular micro- 
scope suitable for microbiology is seen in Fig. 39. 

The stand comprises a heavy foot, oftoi horse-shoe shaped (1), to give 
stability and the limb (5) udiich bears the optical system. The limb is attached 
to the foot by a hinged joint so that the microscc^ can be set at a comfortable 
angle for the observer. The optical system is mounted in the tube which is 
usually in two puts, (a) w extemd tube (9) which bears at its lower end a 
revolving nose-piece (15) in which interchangeable objective Imises of various 
magnifications are fitted (16 & 17), and (6) an inner draW-4ube (13) whidi 
carnes the eye-piece (12) at its upper end This whole assembly is hdd in 
position by the body (8) which houses two mechanisms, the coarse (7) and fine 
adjustments (6) whereby the height of the tube can be adjtnted in such a way 
that the objective can be positioned at its (q>timal workii^ dsstanoe (its focal 
length) from the object flv) to be examined. These fbcunng mechanisms are 
operated by milled heads situated on the two sides of the body. The milled 
head of the fine adjustment is usuaUy graduated in ^{ths and one division 
corresponds to a movement of 0-002 mm. of the tiibe. The stage (18) is a 
platform which accommodates a glass microBoope slide on which the object to 
be examined (19) is mounted; it is attached to limb immediately below tlm 
level of the objective lens and has an aperture in its ocmtre to permit light to 
rewh the object. The stage may be of the fixed t;^ fitted with two spring 
clips or of the mechanical type that can be moved tn two planes by rach and 
puiion mechanisms (3). A mechanical stage is great aovano^ because it 
controls small movements of the object accundc^ and it is reaUy necessary 
when a large area of nucroscow peepantion ^ to be searched, as in thie 
examination of filato cl tqvMiim tot tobetde bat^ or of blood for malaria 
parasites. It is possible to obtrin attachable mechanical stages for almost all 
eucroscopes but the type ^t is built into the instrument is mudh noore stable 
and greatly to be pr^ated. 

In some mod^ microacopes the objective is hdd in a fixed pmiticHi and 
we distance beto^ it and the object b adjusted by toe 
m sta^t which ia controlled by coarse and fine adjustment scrowa riatnlar to 
those used in other inodria to move toe tube. For thoee aocostomed to toe 
^dard iniotoeoope »em care is at first required to avoid toe risk of damage 

to both object and oBectom. . 

; Beneatotoestqge»tod«(tostage(24)itoiehcartieaioondflBaetCSN^nli^ 
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♦ 

lenses focus light from the illuniinaling'soarce on tiaeplane of the object He 
hei^t of foe condenser, and therefore foe focus ol foe li^t, can be varied at 
edU by a rafo and pinion mechanism (2). The horizontd pontion the 
condenser can be adjusted in two planes % centring screws (21). Immefoatdy 



Fio. 39 

A diagnun iiluBtratiiig foe oomponent parts of a monocular microscope 
and foe pafosoffoe optical tars. (l)Foot:7^A(Musfo>g screw for laA 
of oondeDser; (3) Controls for mefoanical stage; (4) Enlaived viifoal 
imiM; (S) Limb: (4) Fine adjualmatt; (7) Coarse adiustment; (U Body; 
(9) mctnaal nfoe; (lO) Lens of obaermr^s eye; (11) Retina; (12) 
puce; (13) Inner dtaw«tube; (14) Primary hnag e, real and cimuged ^ 
obfoceve; (15) Revolving nooe<piece; (iQ ili^>powar ehfoetiva; (17 


) Condeasort 
; (23) Ring ' 


Low-ipower <fo}eetive; (f8) (IV/ . 

Centring s c re w for eandmser: w) Iris «« 
bidder: (24) (2$) 
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bdow the condenser and incorporated in the aame mount is the uis 

diaphragm operated by a small lever mrhich protrudes to one uito 
Openi^ or dosmg this iris ^phngm controls the amount of light iMOMlte 

theobjd*. Just below the iris diaidiragm is a ring-shaped filter hottoMWi 

designed to c^ circular coloured glass filters {e.g. a blue “day WgM ** fi^) 
required to ^uce excessive red or yellow componoats in some types of %ht 
sources. It 18 swung in and out of {^sition by a lever which may be 
tiresomcly dose to tlmt of tl^ iris diaphragm. The worker ntusl fiuniliariae 
himself with the rdadve poutions of these two leVers. Fitted to the tad m ffff 
below the condenser is a hinged mirror (25) that is flat on one side and concave 
on the othw< Many modem^microscopes, however, dispense with the mirror 
and, instead, the whole illu min a ting source, consisting s anytll bulb 

{e.g. 6 volts, 5 amps), is built into the foot of the b^ument. 

Bwoetdof Microscopes,— "Wbeie much microscopic woric ha* to be done 
and for routine examinations we recommend that the microscope should have 
a binocular body, ra, by using both eyes, a considerable amount of eye strain 
and fatigue is avoided. In the binocular body the rays of Ught from the 
objective are divided by a half-^vered surface inclined at an angL of 45 
degrees which permits one half of the light to pass vertically, vdiile tV* 
remainder is reflected horizontal^. Each half of the rays is directed into its 
appropriate eye-piece by means of prisma (see Fig. dO). The eye-piece 



Fro. 40 

A diagram to illustnue the ^tictl pate in tee 
binocular head of a micmcoiie. 

be a^^uMed to the inteipupillaty ^tonoe of the obaenw, vridle 
^ ocular tubes is sdjustaUe to coixect indivMual dyUtooces betted 

Indis^ Utroeidar mienMec^ are very sukdlfle &r rouiitie iiae« aa tfse 
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cye^pieces are indined txymrdi the observer and it is not tieoessaiy ^ dit the 
stand as vdth the straight binocular or monocular bodies. Consequeiitiy the 
stq;e is kept horiaontal and tihis is of particular advantage when dea^ vrith 
wet fflms or using dark^groundiliuminatiiHi. (Simiiariy anincUhedeye^piece 
fitting for a monocular tube may be obtained.) 

It should be noted that the inclined binocular body may increase tiie actual 
magnification by times. This factor shown as 1*5 x is engraved on the 
body. Lower-power eye-pieces only should be used; 6x is Sie most con. 
venient, and 8 x is the highest practicable for routine use. 

Bim^l^ microscopes have interchangeable monocular and binocula] 
bodies, which are removable without disturbing the objectives, so that i 
monocular body can readily be used for photography, micrometry, etc. 

MAGNmCATlON 

The purpose of the microscope is to produce an enlarged image of object 
too small to be observed with the naked eye; the degree m enUrgement is thi 
magnification of the instrument. It is perfectly possible to dwign an optics 
system which will give enormous magnifications, e.g. hundreds of thousand 
of times, but after a certain point detail and sharpness begin to be lost. I 
common example of this is seen when a magnifying glass is used to examine 
newspaper photograph; the effect is not to revc5 more detail, instead th 
picture is broken down to a series of black and white dots. Magnification c 
this type which does not increase the detail observed is known as **mpt 
magnificatunC* and is of no value to the microbiologist. As will be seen late 
there is a fundamental limit to the amount of detail or **meful magmficaiM* c 
any optical system and this is imposed by the wavelength of the light rays usee 

Tne Formation of the Image . — It is the lenses composing the objectiv 
which initiate the magnifying processes. An objective operates at a distanc 
from the object that is slightly greater than its focal len^, and admits rai 
that are transmitted to form a real, inverted, enlarged image (the primal 
image) in the upper part of the tube. At this point th^e is interposed anothi 
lens— the field lens— whose function is to collect the diverging rays of tl 
primary image Fig. 39 (14) so that they pass through we eye lens i 
the eye piece which magnifies the image still further. The field lens 
accommi^ted in the lower plane of the eye-piece. Rays as they leave tl 
eye-piece to reach the lens of the observer’s eye (10) arc once more diverge 
and thus the image seen by the rerina (11) is virtual, appearing to be son 
10 in. in front of the eyes (see Fig. 39 (4)). 

The magnification of a microscope is tiie product of the separate magrui 
cations of tiie objective and the eye-piece and depends on the follovdi 
factors; 

(1) The optical tube length. 

iZ) The focal length of we objective. 

(3) The magnifying power of the eye-piece. 

1. Hie i^tical tube length is the distance between the wsterior princi] 
plane of the lens system of the objective and the plane of the image in t 
upper part of the thaw-tube. This distance is difficult to determine but, i 
practiw purposes, may be taken as equal to the mechanical tube Imgth whi 
n tiie dmwee betwem the point where tiie objective fits into the lower end 
the body or the noso»pieoe and the eye lens m tiie eye-pie<^ a measut^^ 
eerily tmde with a rt^ (see Fig. 41). Most modem microsotq^ 
inemaiiical tube lengtii of 160 mm., but a lew fimulicturem 
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Objectives sre designed to work at a de&iite tube length and any variation 
from this distjmce may sciiously impair the quality of & image. This must 
be borne in mind when buying new objectives, particularly when high*power 
apochromatic or achromatic lenses are needed. 


C 
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PS 


Fro. 41 

A diagram to illustrate the optical tube of a 
monocular microscope. 

Many microscopes have an extensile draw«^tube that can be used to vapr 
the optical tube leng^ but its use is only required in correcting for coverdip 
thickness or possibly in calibrating an eye-piece micrometer. The tube kngm 
should not be used to obtain greater implication because a serious distottion 
of the final image results. 

2. The magfufiatthn of an ohjocim is obtained as follows: 

Magnification of objective^ 



siae of image 
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Extmples 

f<t) 16 mm. (4 in.) objective >10. 

(61 4 nun. in.) objective^ ‘ ‘ ‘ >40. 

(e) 2 mm. (-^ in.) objective* »80. 

Hie 2 mm. objective has, in reality, a shorter focal lengA than that by 
which it is deugnated, and gives a magi^cation of 95-100 diameters accor> 
ding to the mw. Makers now (mgrave the initial magi^cation on the 
objective mount and refer to the objective by its magnification as well as by 
the numerical aperture (vide injra) thus, tiie 16 mm. (f in.) objective ig 
designated 10/0*28, the 4 mm. (4 in.) is ^/0*65, and the 2 mm. (-jijf in.) is 
95-100/1*28 (or 1*3). 

3. Hie magtttficoHon of the eye-piece is clearly engraved on the mount by 
the makers. 

4. The total magnification of the microscope is: 

Tube length . ^ 

gig togthofotjeclive >' 
or 

Objective magnification x eye-piece magnifipatior 


NUMERICAL APERTURE 


Objectives are rated not only by their focal length but also by their angles 
of aperture which determine their light gathering powers. A method of 
expressing the fraction of a wave front admitted to a lens is the use of the 
measurement of the Numerical Aperture (NA). The numerical aperture may 
be defined simply as the ratio of the diameter of the lens to its focal length.^ 
It is expressed mathematically as follows: 

NA=»SinU 


where n is the refractive index of the medium between object and objective 
(air, 1*0; cedar-wood immersion oil, approximately 1*5), and 2U the angle of 
aperture — ue, the angle formed by the two extreme rays of light, which, 
starting from the centre point of the object, reach the eye of the observer (see 
Fig. 42). 

That is, DAC=2U 


BAC=U 

StaU-l? 


It is thus seen that the numerical aperture, other things being equal, 
depends on EF, which is half the diameter of the lens. Objectives, therefore, 
may have equal focal lengths, but different numerical apertures depending on 
the diameter of the front lens. 

The theoretical limit of the angle DAC is 180® — i.a. when the objective is 
actually on the object — and therefore the theoretical limit of U is 90®. The 
greatest possible NA of a dry lens cannot exceed 1, since the refractive index 
of air («)«1, and Sin 90®-!. Actually the highest practical NA of a 
lens is 0*95. On the other hand, the introduction of cedar-oil between the 


^ The numeiiad aperture has been expressed in this maimer to simplify desmptioO| 

but this is true only for objectives of long focal length, where EA is approxiimtely 

to FA (see diagram). With short-focus lenses of high numerical aperture this detonw 

is not oonect The lenglh EA is then much greater than the distance of the objective 
from tto slide (FA). 
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objective and object gtvee n a value of 1-5. The higheat theoiedcal vahie, 
therefore, of » Sin U for an oil-immeraion objertve ia 1"S x Kn 1*5. 

In practice, howevw, the higheat NA of an oil>immer^n objective (attained 
Iq gn qyochromat) ia 1*4. The ordinary -^in. objective for bactofoiofieal 
purpoae haa a NA of 1'28 or 1-3. 



KESOLUnON 

The limit of uaeful magnification is set by the resolving power of the 
microscope, i.e, its ability to reveal closely adjacent structural details as 
separate and distinct; expressed quantitatively it is its capacity to distinguish 
two neighbouring points as separate entities. It ia this power which deter- 
mines the amount of structural detail that can be observed microscopically. 
The minimiun resolvable distance between two luminous points (r) is given by 
the formula 

0-61 X A 
NA 

where A is the wavelength of the light used. In practice, with axial illununa- 
bon, two points any closer together than about him the wavelength of the ligjht 
taMot be resolved. Thus, if green light of wavelength 0-55 x 1^ cm. and an 
ohjective of N.A. 1*4 are used 

0-61 X 0-55 X 10“* cm. 

r_. 

=0*24x 1(H cm.=240 mfi. 

Under working conditions the limit of resolution is readied at about (HXXKZS 
nun. (250 m^.). llius, mang ordinary microscopic methods with an i^ochro- 
®atic objective of NA 14, and a hi^-power compensating ^e-piece used at 
fte opti^ tube length, ^ whole op^ system and iUuminant bdng care* 
centred, stained p^dea of 250 nqt. can be seen. It should be tealiied 
wnt when ^ bodies observed have been coated with a mordant, as in 
Paschen’s stain for the vaccinia viim, thestained virus partides may have beeil 
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rendered larger than the natural ones and are thereby brought within the 
limits of resdution. 

If ultraviolet light is used as the illuminating source greater resolution may 
be obtained because the wavelength is shorter (about hdf that of visible light] 
and thus an effective NA of approximately 2*5 can be obtained. The method 
however, requires an opticd system composed of quartz lenses because 
ordinary glass offers too much resistance to the path of the rays; this, with the 
necessity for photographic recording, makes the apparatus expensive and 
complicated to use. 

In the electron microscope the illumination is provided by a beam of 
electrons that has an equivalent wavelength as small as 1/ 100,000th that of 
ordinary light. The efficiency of the lens sjrstems of the electron microscope, 
however, does not match that of optical lenses and the resolution of this 
instrument is therefore only about 250 times better than that of the best light 
microscope. 

DEFINmON 


Definition, not to be confused with resolution, is the capacity of an 
objective to render the outline of the image of the object clear and distinct. It 
depends on the elimination of optical aberrations inherent in We glass of the 
lenses. 

Spherical aberration is due to the fact that rays passing, for example, 
through the edge of a lens will seldom be brought to precisely the same focus as 
those passing nearer the centre (see Fig. 43); the result may be serious distor- 
tion of the image. 



Fig. 43 

Diagram to illustrate spherical aberration. Light entering a convex lens is 
brought to a focus at point F, the focal length of the lens being/. Rays a, b and c 
are redacted to difierent degrees to reach focus points a\ b' and c\ which are 
situated at points apart from each other. The result in an uncorrected lens 
system would be multiple superimposed images and great blurring. 

Chromatic aberraticm occurs because white light as it traverses a lens is 
difiracted as it would be in a prism to its various com|^nent colours, each vdtb 
its own wavelengtii (see Fig. 44). The rays of different wavelengths are 



Pig. 44 

A diagtam to lUustfate ehromatic abemtion. 
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refracted by the lens to varying extents and may not always be tecondHned in 
the same focus. Blue 183 ^ 8 , for example, are r^racted more and cotae to a 
focus nearer to the lens than red rajm; the result may be a hazy image fria^ged 
with the colours of the spectrum (see Fig. 44). 

Aberrations are corrected by tM makers of better quality lenses by com- 
bining lenses of d^rent dispersive qualities. Crown glass has a low d^ 
persive power and is used for convex lenses, while flint glass, whkdi hn a hi^ 
dispersive power, is i^d for concave lenses. In this manner the colours of me 
spectrum are recombined to form white light and lenses of this type are known 
as achromatic lenses. The best performance from lenses of this type is obtained 
when monochromatic green light is used. 

THE 1£NSES OF THE MICROSCOPE 
OBJECTIVES 

Microscope objectives are constructed from an intricate assembly of lenses; 
;n the lower powers contain up to four lenses and higher powers eight or 
)re. Essentially the qualities of any objective depend on (1) brightness of 
age, which, other things being equal, varies as the square of the NA; and 
I the resolution and definition which vary directly as the NA. The depth of 
:us, while not entirely dependent on the NA, varies in inverse proportion 
it. In general, it may be said that in the case of two objectives of equal focal 
igth, the one with the higher NA is to be preferred as the better lens. 

In microbiology three objectives are generally adequate for most purposes; 
16 mm. or f in. objective with an NA of at least 0-28, a 4 mm. or ^ in. with 
minimum NA of 0-65, and a 2 mm. or in. inunersion with an NA of 
18 or greater. Modem achromatic objectives are excellent and are perfectly 
dsfactory for all routine and much research work. Apochromatic objectives 
i very expensive and need only be purchased for special purposes, e.g. 
lotomicrography. 

Oil-immersum objectives are the types most frequently used in microbiology 
;ause their greater magnification and resolution are required in the study of 
e morphology of objects as small as bacteria. It has been seen that the NA 
an objective depends on the angle of the cone of rays that it can admit from 
e object and that any factor which reduces the rays accepted impairs the 
lality of the image. In the case of the 2 nun. in.) objective such a factor 
the ^ between the front lens of the objective and the coverslip. The 2 mm. 
>jective works very close to the object and rays pasting from a dense me^um 
has of the coverwp) to a less dense medium (air) are refracted obliquely 
itwards so that many may miss the front lens of the objective altogether. As 
^ brightness of the image depends upon the amount of light entering the 
ij^ve, and the resolution depends on the effective aperture, this refraction 
light diminishes not ordy the brightness but the of the inuge. If, 
wever, the mace between objective and the object is filled with some 
ansparent fluid with the same refractive index as gkss, then the rays of Igfrt 
3 not undergo refraction and pass directiy into the objective (see Fig. 45), 
he most usual fluid to introduce between the obto and the objective is oil of 
'nar which has a refractive index of 1*515— « %ure which is identtcal wRh 
1.. index of hard crown glass. The refri^ve indices ^ ot^ 

used as immenion or mounting flui& tn hig^ mamtifioatioa 
•croscopy are: dried Canada balsam, 1*535, xyUd-balaam 1*524, eitosi^ 
S’ glycerol 1*460, water 1*334, and air 1*000. Eadh of them Jiwumdtm 
iMs its otyn place k mtooscopy according to tim ^|f|« of tens 
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Hie newer designs of objecdves are so constructed that the o^cal train » 
acccnmnodated in a spring-loaded mount which effectively 
to the unwary worker of racking down the objective and damaging the covet, 
slip and slide. 

Some objectives are fitted with an adjustable collar that may be turned to 
move ibe two back combinations of lenses in order to correct any spherical 
aberration introduced by the thickness of the coverslip. 



Fig. 45 

Diagram showing the paths of rays through 
(1) a dry lens (on right), and (2) an oil- 
immersion lens (on left) (ttfter Spitta). 

Note the tefraction of the oblique ny ABCD m passing 
from the gloss slide to air, as cocxwared with the ray 
FBEG. L is the front lens of the objective* 

Apockromatic objectmes represent the highest degree of optical perfection 
and in consequence are very costly ; it is only in critical research work t^t it h 
possible to justify the expense of these lenses. In the apochromatic objective, 
light of at least three different wavelengths (colours) may be i^ted, 
arorrations are less, and the NA is usuglly higW, e.g. a good oil immeisioD 
apochromat may have an NA of approximately 1*4. Apochromats owe tto 
property of almost complete colour correction to the use of the nuoets 
fluorite which endows the objectives with a brilliance and crispness of iumgc 
not attainable with ordinaiy lenses, and enables the maximum resolving po^ 
to be obtained. Fluorite is so valuable optically because it posses^ a W 
degree of transparency; a low refractive index; and extremely small dispe^o"' 
A series of objectives containing a certain amount of fluorite, which are iote^' 
mediate between apochromatic and achromatic objectives are known ^ 
"semi-iqxKhromatic'’ or “fluorite” lenses; some of them have a perform*®** 
which approximates to that of apochromatic objectives. _ 

Apochromatic objectives must always be usra with “con^pensating 
pieces aim a pn^)erly centred condenser (g.o.). 
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eyepieces 

The functions of the qre-piece are (1) the magnification of the real ima p*, 
(2) the formation of a virtual image of the real image produced by the objec- 
tive, and (3) to carry measuring scales, markem, cross-hairs, etc. There are 
many different types of eye-pieces but the most generally useM are amide and 
comprise two plano-convex lenses with a circular field diaphragm interposed 
between them according to the system devised or^;inally by Huygens. 

SvygeittOH eye-pieces are constructed with the plane surface of the two 
lenses facii^ upwards and the diaphragm is utuated between them at the focus 
of the upp» (eye) lens. The lower or field lens collects the rays from as wide 
a field of view of the image as possible and focuses them at or near the plane of 
thediaphr^m. The upper lens then minifies this image. The^pbragm 
limits the field of view to the central and Attest part of the image and reduces 
glare (Fig. 46a). Huygenian eye-pieces are sometimes described as ‘ negative 



Disgtam to illustrate the optical paths in A-an 
Huygenian eye-piece and B-a Ramsden eye-piece. 

because the focus otxurs within the eye-piece. In nnnrolM^My a 
10 k Huygenian ^p^iece vritii a monocular tube is moat generally usefiuout 
>5k oculariaal8ouMiyforlocatin|the<d>jectvritiioutaIterii^^ol]i|eet^ 
not practical to uae t^ ^ « eye-i^ at a magnification tiaom 12x 
|1 even this naa gwifieatinn dves some hazineaa of outline and diatortion. 
binocular inkro8Gopes,o>( atix 
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owing to the division of the rays, leas li^ht enters each eye«piece. With 10 x 
oculars definition is lost and the field is apt to be too dark when ordinary 
iliuminants are used* 

Ramsden or positive eye^piem are constructed with the convex surface of 
both lenses facing inwaids, the two together forming a single lens unit. In 
this t^ of ocular the diap^agm is pla^d externally belote ^e lower lens and 
in this way has the advantage that any aberration or distortion of the lenses 
affects eqtially the image itself and the view of any scale placed on the external 
diaphra^ (Fig. 46b). They are therefore admirable for micrometry and give 
more accurate results than Huygenian eye-pieces. 

Compensating eye-pieces are of the positive type and usually contain a 
triplet system as the lower lens component. Aberrations are carefully 
corrected by the makers and they are designed spedfiemy for use with 
particular objectives. They are essential for use with apochilpmatic objectives 
which do not correct the tertiary spectrum, leaving it to belcorrected in the 
eye-piece. Although designed spedfically for use with apoohromatic object 
tives, they can with advantage be used with high power achrqmats; their use, 
however, with lower power achromats is to be avoided. 


CONDENSERS 

The function of the condenser is to focus light on the object; it is mounted 
in the substage with a rack and pinion mechanism for adjusting the focus and 
should be fitted with centring screws for critical work with highly corrected 
lenses. 

Abb6 condensers are the simplest form of ‘^chromatic’* condensers and are 
often fitted to student microscopes. They are composed of two lenses neithei 
of which is corrected for spherical or chromatic aberration. They are, how- 
ever, cheap and easily fitted and may be satisfactory for low power work. The} 
should seldom be used in microbiology because they give a poor image ai 
higher magnifications. The light rayrs are not brought to an accurate focu! 
and only a poor image of the light source can be obtained. Thus, there ii 
flooding of the image with stray light and considerable ^lare results. Ii 
designing apochromatic and semi*apochromatic objectives it is assumed tha 
the light reaching the lenses is corrected and it is essential that a condenser o 
similar optical quahty is used with them. 

Aplanatic condensers contain a third or middle lens which corrects fo 
spherical aberration but not for colour. Such condensers give reasonabl 
results especially when used with monochromatic light 

Achromatic condensers^ which approach objectives in their complexity, giy 
the best results because they place most of the light where it is needed, it. ii 
the plane of the object, and very little escapes to produce glare. 

The NA of a condenser should ideally be equal to that of the objective 
A good adiromatic condenser has an NA of 1*37 and supplies a solid cone o 
li|^ to the limit of its aperture. This is adequate to fill the iqf>erture of tb 
highest power objective and is sufficient to meet the needs of all the conunonl; 
used objectives. The NA of such a condenser can be adjusted to that o 
lower power objectives by the use of the iris diaphragm mounted below tn 
lowest lens component It must be remembered that the high^ 
dry tens is 1 *0 and that for critical high*pawer work it is necessary to 
immersion oil (refiractiveindexwl*w) between the top lens of the condense 
and the lower sur&oe of the microscope slide. 
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Centmtitofi of llle CondeiiAer 

If the condenser mount of the microscope possesses centring eerewe, the 
centration of the condenser with respect to the objecdves must be chedked 
from time to time as follows. After the microscope and the illuminant have 
been set up as described (see p. 624), close the condenser iris diaphragm to its 
limit* Rack down the condenser imtil the image of the condenser iris appears 
in field. If it is not concentric, adjust the centring screws until it is so. It 
will be of advantage to optn up the condenser iris until its aperture is almost 
that of the field for the Unal centration. Then open the iris diaphragm fully 
and rack up the condenser to its normal position. 

For more detailed accounts of the microscope and its uses see Barer (1959) 
and Wredden (1947). 

Brief Specificatkm of a Microscope suitable for 
Routine Bacteriological Work 

Microscope, with coarse and fine adjustments, fitted with a removable 
inclined binocular body. Built-in mechanical stage with verniers, quadruple 
nose-piece, rackwork substage with centring screws. 

Objectives 

Achromatic 10 x (16-mm.). 

„ 40 X (4-mm.). 

Fluorite 45 x (3-5-mm.) oil-imm. (magnification and focal length may 
vary slightly according to make). 

Achromatic 95 x (2-mm. or T^in.) oil-imm. 

Paired Eye-pieces 

6 X and 8 x • 

Condenser 

Aplanatic or achromatic. 

Note, — (a) Some makers supply a lOx objective specially computed to 
work with compensating eye-pieces. As it is an advantage 
to use this type of eye-piece with the other three objectives, 
it is recommended that this objective and compensating 
eye-pieces should be specified when ordering. 

(5) If micrometry or photographic work is to be done, an inteiv 
changeable monocular tube is required. 

(c) For dark-ground illumination, a special concentric condenser' 

is necessary, and also a funnel stop for the 'j^in. objective. 

(d) When more than one condenser is used it is advisable to have a 

substage in which the condensers can easily be changed 


MICROSCOPE LAMPS 

The clarity and sharpness of the microscope image depend not only on the 
excellence of the optical system but also on Ae iUmninant emfdoyed. For a 
monocular instrument with an Abb6 condenser, and partkularly £c^ lower 
powers, a 40* or 60-watt apei bulb in a ^ple lamp housing is swNent« but 
for a modem instmment with an itidtned binocidar body, well corteoted 
immersion objectives and an aplanatic or achromatic condenaer, this iMe of 
murninant is fat from aatis&ctpry. Unless the bulb is muchimaHruii thtae h 
not suffident light to see small details, and the advsntiy^ qf inodetn eptied 
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^tems can be nullified by poor illumination. If the opal bulb lamp ia used 
it is of advantage to over-run the bulb, e.g. a 200-volt bulb on a 240-volt mains 
supply. The Ufe of the bulb is shortened, but that is not a serious matter 
compared with the illumination obtained. The opal bulb should be in a well 
ventilated housing with a hood over the aperture to prevent direct light from 
reaching the eyes and should preferably be fitted with an iris diaphragm. The 
Is^er is very useful for centring the light in the microscope field and helps to 
diminish glare. The amount of light required for a ^d visual image depends 
on mwy factors: the intensity of me bulb, the magnmeation used (for example 
less light is required for a 16-mm. objective than a 2-mm.), the amount of light 
in the room (less light is required if the microscope is at tlie back of the room 
Aan on the bench at the window), and the time of day (much more illumination 
is required if there is sunshine than on a dull day or in the gening). With 
microscopical work, therefore, the amount of illumination required is always 
changing and a sliding variable resistance of 250 ohms to carr^0*75 or 1 amp. 
fitted with a switch is strongly recommended. This is most aesirable if an 
over-run bulb is used, and an absolute necessity if a high-intensity projection 
type of bulb is employed. The resistance is placed in series witli the opal bulb 
and in series with the primary winding of the transformer if k low-voltage 
projection bulb is used. 

The full resistance should always be used when the lamp is switched on so 
that the bulb warms up comparatively slowly, and then the slide of the 
resistance is moved until optimum illumination is reached. With a change of 
objective the slide is easily adjusted to suit the intensity of light required, and 
this method of control is of great value when much microscopic work is done 
and where the objectives are changed frequently as in histological work. 

High-intensity Lamps 

With binocular microscopes the amount of light reaching each tube is only 
about one-third of that of a monocular instrument as light is absorbed by the 
glass prisms. In consequence a more intense source of light must be used. In 
order that the whole of the field shall be evenly illuminated, a corrected lamp 
condenser lens is necessary and this must be capable of being focussed. An 
iris diaphragm in front of this condenser b essential, and provision for a filter 
holder, preferably of the sliding t 3 rpe, should be made. 

High-intensity lamps of thb t^ are produced by several makers and a 
model specially suitable for high-power microscopy has been described 
(McCartney, 1951). This lamp uses a large ‘‘solid source*’ filament bulb of 
12 volt 250 watts capadty, but it is actually run at 6 volts and the intensity is 
controlled by a sliding resistance in the primary of the transformer. The lamp 
b not only witable for ordinary micro^py but is useful for dark-ground 
illumination and phase-contrast microscopy. Its high intensity ensures ample 
illumination even with dense filters. It is particularly useful for photomicro- 
graphy. 

It may be desirable sometimes to have a more intense heam of light than is 
possible with a 6-volt transformer, as when filters are required, with dark- 
ground illumination, or when high-power photomicrography b undertaken. 
In these cases a 9-volt transformer to take 18 amps, and tapped at 6 volts 
shoidd be used. The 6-voit tapping b empbyed for ordinary work and the 
hi^er voltage output only for spedal purposes. 

Other sources of light may be used for special types of work, such as a 
merotiy vapour lamp for fluorescence microscopy, or even a 
DC arc-lamp as in cmephotomicrography. 
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Light Filtm 

A blue daylight filter euch as is supplied by most mauufacturets should be 
fitted in the subs^ ring underneath tM microscope condenser udien artificial 
light is used. Filters, however, are not specially required in bacteriok^^ 
woii: exttpt for &e methods used in fluorescent microscopy p. 632. l^eie 
much nucroscopic work has to be carried out, particularly with unatatn<d 
objects as in dark-ground illumination or phase-ccmtrast microsoopy, the use 
of a pale-green fil^, Wratten No. 66 (supplied by Ko<M Ltd.) can be 
recommended. This filter cuts out glare, sharpens detail and is very restfiil to 
the eyes. After a short time in use, the green colour is not noticed It can aim 
be recommended when searching for malaria parasites or tubercle bacilli. In 
the latter case the organisms appear darker and are more easUy recognised 
when only scanty individuals are present. 


ILLUMINATION OF THE OBJECT 

It is coimnon practice in microbiology to use a high-intensity lamp with a 
binocular microscope and it is important for the worker to obtain the full 
advantage of this apparatus. It must be remembered that high-intensity 
lamps have their own optical axis which must be aligned with the optical axis 
of the microscope. It is recommended that the Kdhler method of illumination 
is used because it has the great advantage of providing a variable, uniformly 
illuminated field of view even with an irregular light source. The essentisu 
features of Kfihler illumination are (1) the condenser lens of the lamp focuses 
an enlarged image of the Ught source (the filament) on the iris diaphragm of 
the substage condenser; (2) the image of the iris ^phragm in front of the 
lamp condenser is focused on the object plane by means of the substage 
condenser. 

Method ofusa^ a high-iiaensity lamp: 

(1) Rack up fully the substage condenser of the microscope. 

(2) Check that lamp filament has been centred correctly with reaped to 
the lamp condenser lens. 

(3) Place the lamp so that its distance from the mirror is 8-10 in. 

(4) Switch on the lamp, open its iris fully and decrease tiie resistance so 
that there is a bright beam of Ught shining on the plane side of the mirror. 
Adjust tiie lamp by altering its vertical tilt and by movii^ the base so that the 
beam of light is in tiie centre of the mirror. 

It is important to ensure that (a) before swhdiit^ on the lamp tiie fill! 
resistance is in and then for the illumination to be increased or deceased as 
denred, and (6) bdfore switching off the lamp the bulb is dimmed to the full 
amount If these precautions are taken, the life of the bulb will be much 
prolonged. 

(5) Gose the substtge iris duqihragm and focus the laiiq> omdenser so 
that a sharp image of the filament is obtained on tiie closed cUiqhxagm. A 
Binall hand mirror, piac«l in a suitable place on the bench, frolitatei this 
manoeuvre. 

(6) Open the substage iris duqihragm and move the lamp btKkwatds or 
forwards until fhe siae d the image of the filament is la^ enon^ to fill tile 
lowest kns of the microscope oimdenser. 

(7) Pull bade the raistanoe untU the U^t is much dimm^ a 
*^ned qieoimen witii good contrast on tiie stage and fiaous it mtii the 
wjectivt to be used. 
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(8) Close the lamp iris and adjust the mirror so that the image of this iris 
is in ^e centre of the field. 

(9) Open the lamp iris until its image just fills the field. 

(10) Remove the eye piece and inspect the back lens of the objective. An 
ima^ of the filament should be seen to be symmetrically placed and large 
enough to fill the back lens of the objective. 

To obtain the maximum definition, the lamp iris should be closed and 
focussed in the field for each objective. These adjustments, with practice, 
should only take a few seconds; they are possible with the 16 mm., 4 mm. and 
3-5 mm. oil immersion objectives but not with the 2 mm. oil immersion 
objective. 


DARE-GROUND ILLUMINATION 

This method renders visible delicate organisms, such as the\spirochaete of 
syphilis, which cannot be seen in unstained preparations witn an ordinary 
microscope. \ 

By means of a special condenser the specimen is illuminat^ by oblique 
light only. The rays do not enter the tube of the microscope, Wd, in con- 
sequence, do not reach the eye of the observer unless they are “scattered** by 
objects (e.g. bacteria) of different refractive index from the medium in which 
they are suspended. As a result, the organisms appear brightly illuminated on 
a dark background. 

Three requisites are necessary for adapting a microscope for dark-ground 
illumination: 

(1) A “dark-ground** condenser. ' 

(2) A suitable illuminant of sufficient intensity. 

(3) A stop which reduces the numerical aperture of the objective to less 

than 1*0, if the ordinary oil-immersion lens is used. 

The Condenser , — ^A special condenser must be employed and may be of the 
paraboloid or of the concentric spherical reflecting tj^e. The latter is recom- 
mended. The function of the special condenser is to focus the light on the 
object, die paths of the rays being such that no direct light passes into the 
front of the lens. Figure 47 shows the paths of rays through the concentric 
reflecting condenser. The condenser should be furnished with a centring 
device, and it must be emphasised here that success with dark-ground 
illumination depends on the accurate centring of the condenser. There must 
be immersion oil between the slide and condenser. 

The IUttminant,~A lamp of sufficiently powerful intensity should be 
employed. . * „ 

If direct current only is available, the small arc haa^ or the “pointoUte 
lamp (a proprietary name applied to a^amp consisting of two tungsten 
electrodes in a vacuum across which an arc is struck) should be used. The 
“pointolite*’ is more convenient to use than the arc hunp. 

Ahemating current is now almost universal, and high-intensity low- 
voltage lamps worked through a trantf ormer and having a condensing lens are 
satitfactory for this purpose (p. 618). Complete lamps are obtainable from 
several makers* 

The Fmm^ Stop.—WMia the objectives employed for dsrk»grouna 
ill iimitiarin n have s numerical iq>ertare of moie dian I’O (as in riie case ot 
ordhaary dtiimmentoo lenses), a apedd stop to reduce the NA to lew tnw 
1*0 must be employed. This consists of a small funnel'shapedpi^ of 
or vulcanite which fits into the objective behind the back lei^ Itisadtisw** 
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to procul* Ilic stop from the maker of the lens employed. The stq» » eawly 
^Jetted and removed, and the objective can at once be converted for (wdinasy 



Fio. 47 

Diagram showing the paths of rays through the condenser 
and a ^j-in, oil-immeraion lens fitted with a funnel stop. 

AB and CDC are reflecting surfaces. The surface at CC is 
opaque. (After E, Leitz.) 

Alternatively an objective adaptor f with a small iris diaphragm, may be 
used. The front part of the oil-immersion objective is removed and screwed 
to the adaptor, which then takes the place of the objective on the nose-paew* 
The numerical aperture of the objective may be reduced ^ desired by 
manipulating the iris diaphragm in the adaptor. Some makers incorporate to 
ins diaphragm in the mount of the objective itself so that it can be used for 
bright or dark-ground Ulumination without further alteration. ^ 

Certain manufacturers have introduced for d^k-ground illummation Wim 
bicentric condensers, special oil-immersion fluorite objectives, ^2?* 

without a funnel stop* These arc 2 mm. NA 1*15, and 3.5 mm. NA0*9S. The 
latter lens (referred to on p. 617) can be recommended for routine dark-ground 
observation at low magnification. t 

The Preparatum.--The preparation should be as 1^ as ipossible in oi^ 
to secure a satisfactory dark background, and so that the moving ob|wts ^^a^ 
as far as possible, be in one plane. A preparation which is too thiA m»at^ 
diminishes the contrast in the dark field, and in order to 
contrast the objective has to be stopped down constdersWy, thus dimmis^ 
Its resolvine power. The preparation should not be too dense, othetu^ roere 
IS an excestive number m particles which **scatter^ the hght. This causes 
lack of coatmt even to a greater d^fcee than a thick 
®anufacture» surafy apecial oeUa for datk-gtoa^ vw^ ao that iww » TO 
coyerslip i$ pla cf d over cdf the preparawon h#a a oefinrt® aoo titotowa 
tUcknen. 
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The thickness of the slide employed is important. The slides should be 
1*0-M mm, thick, and when a suitable supply has been obtained they should 
be used only for dark-ground work. They should be thoroughly clean and 
free from grease. The object to be examined must be at the focus of the 
condenser, the focal length of which is about 1*2 mm. If, therefore, too thidk 
a slide is used, the focus of the condenser will be below the specimen and poor 
illumination result; if the slide is too thin, the distance between the con- 
denser and slide is such that a large amount of oil must be employed to make 
contact. 


Method of using Dark-Ground Illumination wifh 
the Oil-Immersion Olijective 

The microscope with special condenser, and with the NA of tthe objective 
reduced by a funnel stop or iris diaphragm adaptor, is placed ini front of the 
illuminant. It is advisable to have the microscope in the upright position and 
not inclined, to avoid running of the oil. The condensing lens of the lamp is 
adjusted so that a slightly converging beam of light is obtained.' With the 
plane side of the mirror, direct the light into the dark-ground condenser. 
Using the low-power (f-in. or 16 mm.) objective, focus the surface of the 
condenser so that the engraved concentric rings on the surface come into view. 
These rings show the centre of the condenser, and if the condenser is out of 
centre adjust the centring screws so that the rings become concentric with the 
edge of the field. 

Should the condenser have no engraved rings the centrinjg may be 
accomplished as follows. 

A slide preparation is placed on the stage, and oil contact between it and 
the condenser established. The preparation is focussed with the ^in. 
objective, and, if the mirror is properly adjusted, a bright ring of light is 
noticed in the field. Focus the condenser cautiously up or down so that the 
ring of light contracts to the smallest bright spot obtainable. If this spot of 
light is not in the centre of the field, alter the centring screws of the condenser 
accordingly. 

The accurate centring of the condenser is of the utmost importance and the 

tion oEu^ed. The p^paration to be ocLnined must be covered with a No. 1 
coverslip, and it is advisable to ring round the coverslip with petroleum jelly 
to prevent evaporation. Place a large drop of immersion oil upon the under 
surface of the slide and also on the upper lens of the condenser, and a similar 
drop on the coverslip. Place the slide on the microscope stage, taking care 
that the upper surface of the condenser is well below the slide. Rack up the 
condenser until oil-contact is made between the whole surface of the upper 
leas of the condenser and the slide; then bring the oil-immersion lens into 
position sp that it touches the oil on the coverslip. Now carefully focus the 
i^pedmen. A slight adjustment of the condenser, up or down, mav be 
necessary, and some manipulation of the mirror may also be required. After 
a litde practice an evenly illuminated field with an intensely dark badkground 
and brmiantly lit objects may be obtained with a minimum of trouble. 

Where much d^k-ground work has to be done, it is recommended 
that a microscope be reserved solely for this work and kept ready with the 
ilhmainant in porition, so that it is idways available for immediate use. It is 
CPnvenient to have the lamp and microscope fixed to a board for this puipqie. 
The microscope, when not in use, should be covered to exdude dust 
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After use, tiie condenser and objective diould be carefully wiped ftee 
from oiL 

Dark-Gfoiiad Uluminatioii with Low- and 
Medium-Power Lenses 

Dark-ground illumination is easily obtained with a low»*power lens whose 
NA do^ not exceed 0*3, e.g. the f-in. otneedve, by pladmg a central patch or 
stop below the condenser. Most manuracturers supply a set of stops which 
fit into the ring below the iris diaphragm. Alternatively, a circle of glass wi A 
a central patch of black gummed-paper about 10—12 mm* in diameter may be 
used. The ordinary source of illumination is quite sufficient. Such dark- 
ground illumination may be used for observing slide-agglutination and for 
cells, casts, etc., in urinary deposits. With the higher power dry 
however, it^ is not so easy to secure satisfactory dark-ground illumination 
unless special condensers are used. Some microscope manufacturers make 
dry dark-ground condensers to work with -^in. objectives up to numerical 
apertures of 0*65, but these are expensive and usually require a high-intensity 
lamp to work satisfactorily. The results, however, are very beautiful. 

Where Ae NA of the objective does not exceed 0*65, dark-ground 
illumination can be secured wiA an ^‘achromatic*’ or “aplanatic” condenser 
(not Abbi condenser), an expanding iris or suitably large central stop being 
used. As such condensers are suitable for ordinary microscopy it is possible 
to change over from direct transmitted light to dark-ground illumination, 
^without removing Ae condenser, by merely inserting Ae stop. A high- 
intensity illuminant is, however, necessary, and immersion oil is placed 
between the condenser and slide {vide supra). An intermediate objective 
adaptor wiA iris diaphrs^^m is often of value in reducing Ae NA of Ae ^-in. 
objective sufficiently to obtain a uniform dark field. 

PRACnCAL INSTRUCTIONS FOR THE USE OF A 
MICROSCOPE 

When an observer has to examine a specimen for a long time, as when 
scanning a film for tubercle bacilli or malaria parasites, he must adopt a 
comfortable position wiA the height of his chair adjusted so Aat Ae oculars of 
the microscope are level with his eyes. Many workers who wear spectacles 
arc able to dispense vrith Aem when using a microscope. If, however, Ae 
visual defect is Aat of astigmatism spectacles will often need to be worn, and 
if Ais is so workers must t^e care to avoid contact between Ae eye-piece and 
Ae spectacle lenses or they may scratch each oAer. If a monocular micro- 
scope is used Ae worker should keep boA eyes open if possible, in order to 
reduce strain. It is wise to ease Ac burden on Ae eye by Aanging from one 
eye to Ae oAer from time to time. BoA forearms Aould rest on the table, 
and if Acre is no mechanical stage Ae slide is moved wiA Ae ld[t hand while 
the right hand controls Ae fine adjustment. Before beginning to exasmne a 
spedmen the microscope is checl^ to ensure Aat: 

1) Ae objectiives are dean and free from immersion oil i 

(2) Ae eye pieces are free dust; 

[3 1 Ae plane side of Ae mirror is in position ; 

(4) Ae fubstage oindenser is racked^ unA ite 

bdow Ae object slide. 

For lAiciANblogical work it is recommended Aat artifidd %ht ilaiAld 
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aiwa 3 rs be used. A 60-vatt opal bulb or a higfa-intenntjr lamp (see p. 618) is 
employed according to dw type of microscope used. It is not advisdile to 
place the microscope at a window because daylight, and especially bright 
sunlight, entering the eyes renders virion less acute. A suitable arrangement 
is to use the microscope on a table at one ride of a room so that the ri>server’8 
back is to the window. 

^^en examining an object, usii^ a simple 40- or 60-watt opal bulb lamp, 
the manipulations of the microscope should be carried out in the following 
order: 

(1) Set up the microscope, place the object on the stage, and adjust the 
plane side of the mirror to the illuminant so that the light is reflected into the 
condenser. 

(2) Focus the specimen with the low-power objective, using the coarse 

adjustment. 1 

(3) Manipulate the mirror until the image of the illumuumt is seen in the 

centre of the held ; if the lamp has an iris diaphragm this shoulU be closed and 
the mirror adjusted until the aperture of the iris is concentric tnth the edge of 
the field. Rack the condenser up or down until the edge of the iris is sharply 
focussed. ' 

It is essential, particularly when examining tissues, to use the low power 
first, in order to locate organisms and observe the tissue changes. A suitable 
field having been obtained, the slide must be kept in place by means of the 
right-hand dip if a mechanical stage is not used. 

(4) Rack up the objective a short distance and place a drop of cedar-wood 
immersion oil on the portion of the specimen immediately below the objective. 

(5) Raise the condenser so that its upper surface is practically level with 
the stage. (This is not necessary if the lamp iris has been focussed as in (3).) 

(6) Make sure that the iris diaphragm of the substage condenser is widely 
open. 

(7) Rotate the nose-piece until the oil-immersion lens is in position. 

(8) With the eye at ^e level of the sta^ and using the coarse adjustment 
lower the objective imtil it makes contact with the oil ; at this moment the drop 
of oil “lights up”. Next, the objective is gently lowered a little further towarcte 
the slide but great care must be exercised not to carry this movement too far or 
too harshly. The working distance of oil-immersion lenses is extremely short 
and there is a great risk tbit with pressure, the tiny front lens of the objective 
may be display and its performance ruined. Some modem objectives, but 
not all, have a special guarding device to prevent this, or are set in a spring- 
loaded mount 

(9) Aj^ly the eye to the microscope and observe if the field is well 
illuminated ; if not, adjust the mirror until maximum illumination is secured. 

(10) Next, alouiy and carefully focus up with the coarse a4juBtment until 
rile object is brought into view and then use the fine adjustment to secure a 
ririup focus. 

In using a binocular microscope the same directions should be observed, 
but, m addition, the eye-pieces showd be adjusted to the correct interpiiptUaty 
distance of the observer when the specimen is focussed with the iow^wer 
objective {vide direction No. 2). 


CARE OF TBE MiCROSCOFB 

The imcroscope is an instrument of predsion, and care must be taten to 
preserve its amiracy. llieioatiumemshoaldbek^ataaii^bimriai^pei*' 
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ture and not exposed to sunlight or any source of heat When not iniiic it 
must be protected from dust under a transparent plastic cover or in its box. 
Failing these, it should be covered mth a clean cloth. The microscope should 
be cleaned at intervals, and ite working surfaces very lightly smeared with soft 
paraffin. With binocular microscopes dust may collect on the surfaces of the 
prisms. This may be removed by passing a 8oft-<ainel4(i^ brush down the 
eye-piece tubes after removing the eye-pieces. On no account must the prism 
case be opened and the prisms removed, as this will completely alter the 
optical alignment and necessitate the return of the instrument to the maker 
before it can be used again. 

If the microscope has to be moved, it should be lifted by the upright limb 
and not held by the body-tube. 

The oiUimmermn objective must be cleaned each day after use by wiping the 
front lens with a well-washed silk or cotton handkerchief Alternatively, a fine 
tissue paper known as *Uens paper” may be used (books of which are supplied 
by most manufacturers), and this is very suitable for the purpose. Oil 
remaining on the lens-front dries and becomes sticky; later it hardens and is 
then difficult to remove. Canada balsam accidentally present on the lens from 
a mounted microscopic specimen may also dry hard in the same way. When 
cleaning the objective do not use alcohol^ as the cement that unites the com- 
ponent lenses may be soluble in alcohol, and, in consequence, the lens systems 
may become disorganised and the objective spoiled. Benzol or xylol must be 
used to remove dried oil, and if the oil is hard, repeated applications on a soft 
cloth arc necessary. 

Dry objectives — e.g. f-in. and ^in. — are cleaned with a piece of well- 
washed silk or fine cotton, or lens paper. If any oil or Canada balsam is 
accidentally present on the front lens it must be removed with a soft cloth 
moistened in benzol or xylol and the lens quickly dried with a soft cloth. On 
no account must the component parts of an objective be unscrewed. 

Eye-pieces from time to time may be contaminated with dust and fuzzy 
specks are seen in the field of view. The trouble is easily located because the 
specks move when the eye-piece is rotated in its mount. If the dust is situa^d 
on the upper lens ffie spec^ will move if the eye-piece is raised a Utde with 
one hand while the upper lens is unscrewed with the other. If the dirt is on 
the bottom lens the specie will move when the lower component is rototed. 
When the position of the dirt has been located, remove it by blowing a jet m 
dry air on it with bellows or a Isrge rubber teat Altcmativdy, use a soft 
camel-hair brush. If the brush is held for a few seconds against a hot electee 
bulb it acquires an electric charge and will then attract dust particles easdy. 
If these methods fail then use a silk cloth or lens paper moistened with 
distilled water. Never rub the surface of a lens with a dry doth because any 
hard parddes on its surface may scratch the glass. 


COMMON DIFHCULTIES IN MICEOSOOFf 
A number of troubles may be encountered by those beguming miqiwoopjr 

and the f^wing hinto are pvm to help overcome them: 

iauiM^doDm. 

2 R 
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(c) Check that the immersion oil being used is not so viscous that the slide 
adheres firmly to the objective and travels upwards with movements of 
the coarse adjustment. 

(d) Check whether the specimen slide and coverslip has a film of dried 
immersion oil and dirt left on it by a previous viewer. 

(e) Some high-power objectives have so short a working distance that a 
thick coverslip or a thick layer of Canada balsam beneath the coverslip 
may prevent the objective approaching near enough to bring the 
object within its focal length. 

If none of these steps improves matters, exchange the objective with one 
from another microscope ; if a sharp image is obtained with the new objective 
the faulty one should be returned to the makers. I 

2. A dark shadow passes into the field with loss of definition of the image. 
This is usually caused by the movement of an air bubble in the immersion oil. 
The trouble may be cured by raising the objective so that the intact between 
the oil and the objective is broken and then refocussing. If this fails, clean 
objective and coverslip with a little xylol and begin again. \ 

3. Poor illumination or the field of view in semi-darkness: 

(a) Check that the flat and not the concave surface of the mirror is being 
used and adjust the mirror so that the light beam fills the field of 
view. 

(i) Check that the condenser has been racked up to its full height. 
Occasionally it sUps downwards in its mounting nng and must be 
pressed up as far as possible before it can be racked up close to the 
microscope slide. 

(c) Check that the substage iris diaphragm is fully open. 


EXAMINATION OF LIVING UNSTAINED ORGANISMS 

In the case of bacteria, **hanging-drop” preparations are frequently used 
for this purpose, and a glass slide having a circular concavity in the centre is 
employed. 

There should be no difficulty in observing a satisfactory specimen if the 
following procedure is adopted: 

(1) By means of a match dipped in petroleum jelly, a ring or square (accord- 
ing to the shape and size of tbe coverslip) is outlined round the concavity. 

(2) With a wire loop place a drop of fluid containing the organisms on a 
coverslip laid on the ben^. 

For this purpose a fluid culture is used or the condensation fluid of a slope 
culture. A further alternative is to emulsify a small amount of culture from 
the surface of a solid medium in a drop of broth or normal saline, taking 
care that the emulsion is not too dense. 

(3) Invert the slide over the coverslip, allowing the glass to adhere to the 
vas^e, and quickly turn round the slide so that the coverslip is uppermost. 
The drop should then be ‘‘hanging'^ from the coverslip in the centre of the 
concavity. 

(4) Place the slide on the microscope, rack down the condenser slightly 
and partially dose the iris diaphragm. (Excessive illumination renders the 
oigamsms invisible.) 

(5) With the low power objective, focus the edge of the drop so that it 
iqppears across the centre of the field. 

(6) Turn the high-power (|-tn. or 4»iiun.) lens into porition and locus the 



micrometry W 

wte of the d^. Obtain the beat illumination by lowering or die 

TOndenaer, and aecure aharp definition by redudng the imerture of ibe iri» 
diaphragm* ^ 

Inatead of employing a hanging-drop preparation, a film of the fluid 
between an ordina^ ahm and coveralip may be uaed, but in ibia case tte edge 
oi the coverslip should be sealed with vaseline or vamish to prevent 
evaporation of the fluid. 

Mo^ty of organiama can be detected in thia way, and thirir ri»pe, 
approximate aize and general atructure can be obaerved. It is odvisable to use 
tfu high-potoer dry lens and not the oil-immerrion objective. Owing to the 
viscosity of the oil, the coverslip is apt to move during focussing, and currents 
are thus caused in the fluid, which produce an appearance of motiUty in the 
organisms. 

It is essential to extinguish between true motility, where the organism 
ch^ges its position in the field, and Brownian movement, which is an 
oscillatory movement possessed by all small bodies (whether living or not) 
suspended in fluid. 

A wnnti stage is very convenient when examining fresh unstained prepata* 
tions for amoebae and other protozoa. There are several types of warm stage 
available, some of which consist of a thin, flat metal box filled with hot water, 
or through which warm water can circulate, and having an aperture in the 
centre by which the light passes to the preparation. Improved forms are 
electrically heated and have an automatic temperature control. The warm 
stage ke<^s the preparation at body temperature, and enables the movements 
of organisms to be studied, as these movements may cease if the material is 
kept for any length of time at room temperature. 

A simple warm stage may easily be improvised from a sheet of thin copper 
(18-gauge) shaped like the letter T, with the long arm 5-6 in. in len^. 
The top of the T is the size of a microscope slide (3 in. x 1 in.) and in Ae 
centre is an aperture J in. in cUameter. The copper T is placed on the 
microscope stage wiA the long arm projecting forward, and Ae aperture over 
the condenser. The preparation is placed on Ae copper strip and secured by 
the stage dips. The projecting part of Ae T is warmed by means of a 
small Bunsen flame or spirit lamp. Care must be taken Aat the preparation is 

nnt 


MICROMETRY 

In bacteriolomcal work Ae unit of measurement is 0*001 mm., dedgnated 
a wierm or ft. The measurement of microscopic objects is accomplished b 3 i 
means of Ae stage micrometer in conjunction with a micrometer eye-^pieoe. 
The stage micrometer consists of a 3 x 1 in. slide on which is a millimetre sOslr 
graduated in hundredths of a millimetre. This scale may be engmved, but k 
usually made by a photographic proc^. The micrometer eye-piece c<msisls 
of a special eye**piece in which a graduated scale, mounted on Ae di 
of a positive type eye-piece, can be focussed by means of At 
eye-lens. ^ ... 

When measurements are to be made, Ae micrometer eye-piece is msebW 
into the draw-tube, Ae tube length is sccumteiy imted, and tl^ niitngs^ Ai 
stage focussed bv Ae appropriate objective acoordmg A Ae sA 

ofrAe object A be mcamired The number of divistans on Ae eye-lricce scab 
a df fipiA number of divisions of Ac millinietre atage seile J 
determini^/Tlif stage Aksrometer k removed, andthe<Aject AbeineessASw 
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is next focussed. The number of divisions of the eye-piece scale which just 
cover the object are noted. 

The millimetre value of each division of the eye-piece scale depends on the 
objective used and the tube length employed^ and is usually determined each 
time a measurement is taken. Sometimes it is advisable to increase or diminish 
the draw-tube length or to move the adjustable collar of the obiec^ve so that 
the stage and eye-piece scales coincide or bear a geometric rdation to each 
other — e.g. 1 division of the former to 10 of the latter. 

Example: Using a -jij-in. objective and a 6x micrometer eye-piece at 165 
mm. tube length, it was found that 100 divisions on the eye-piece scale exactly 
covered 11 divisions of the stage micrometer. Each division of the stage 
micrometer is mm. I 

100 eye-piece diviaions=ll stage divisions =0*11 mm. 

1 eye-piece division = 0-001 1 mm 

1 eye-piece division, therefore, with the \ 

given objective, eye-piece and tube \ 

length =1-1 /X. ' 

The stage micrometer was removed and a stained slide of blood showing 
malaria crescents was substituted. The diameter of a red blood corpuscle 
covered 7 divisions of the eye-piece scale — ue. 7-7 /x. A polymorph leucocyte 
covered 11 divisions, while the length of a malaria crescent was equal to 10 
divisions, showing the sizes of these objects to be 12-1 fi and 11 /x respectively. 

If the draw-tube is so adjusted that 1 division of the stage, micrometer 
equals 10 of the eye-piece scale, then each division of the latter' corresponds 
to 1 /i« 

The Screw Micrometer Eye-piece employs a vertical fine hair line which is 
made to traverse a fixed scale situated on the eye-piece diaphragm. The eye- 
piece is of the Ramsden, or compensating, type and is fitted with an accurate 
screw contained in a drum which is divided into a hundred parts, each of 
which represents a displacement of 0*01 mm. of the hair line. The fixed scale 
is not intended for direct measurement but is constructed so that with each 
complete revolution of the drum the hair line traverses one division. Calibra- 
tion is made by comparison with a stage micrometer (Needham, 1958) in the 
way described for the eye-piece micrometer {vide supra). The screw micro- 
meter eye-piece is more precise and accurate than the eye-piece micrometer 
and measurements to one-hundredths of the fixed scale divisions are possible. 

PhoUmaphic Method of Micrometry. — ^An accurate method is to jjhoto- 
graph a nlm of the organisms or cells under a high magnification. Without 
disturbing the microscope or camera, the slide is removed from the microscope 
stage and the stage micrometer substituted. A photograph of the stage 
micrometer is then taken at exactly the same magnification. By means of a 
pair of fine dividers the length of iixt organism on the print is taken, and its 
exact measurmient found by wplying tlm distance to the micrometer prmt 

Ekctron^mkroscopical MedM of Micrometry. — Optical methods of micro- 
metry have, to a large extent, been rephu^ by electron-micro^pical 
techniqjues. A suitable suspenrion of the organism to be measured is made 
and to tt is added a suspension of latex paiti^ of known diameter 250 

orSOm/i). Measurements of the organ&m and liierefereimeparticm on the 
electmnmiarograph give a highly accxirate estimate of stae. ltmust,liSwever, 
be remember^ that during examination in the electron mkrosoope an 
organism may be distorted by drying or heat. Most of tiieie 
however, can be overcome by camul fixation (see p. 638*-639). 
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PHASE CONTRAST MICROSCOPY 

One of tiie difficulties of examining microscopically living, unMained 
biological specimens is that they are immersed in a fluid of almnurt the 
r^ractive index as themwlves. In order to see ffiem distinctiy it is necessary 
either {a) to close considerably the iris di^hragm, thereby reducing the 
numetiou aperture, or (b) to use dark-ground Summation. The latter 
procedure is satisfactory vrith very small or tiender objects such as spiio- 
chaetes, but its use in bacteriology is limited. 

By means of phase contrast microscopy, it is possible to eiramini* livin g 
cells with the full aperture of the objective. In consequence internal <l»rail« 
are effectively brought out 

Phase contrast microscopy can be used with any type of microscope, wthw 
monocular or binocular. 

It is necessary to have: 

(1) A special condenser which usually incorporates a rotating metal 

carrying a series of annular diaphragms. These are disks of glm 
rendered opaque but with a narrow ring of clear glass. Each 
objective requires a different size of annulus accordii^ to its 
numerical aperture; thus, for the 16-mm. objective the ring is 
narrow and about 4J mm. in diameter, whereas for the 2-mm. 
objective it is wider and about 18 mm. in diameter. The size of the 
annulus is such that the condenser forms an image of it in the ba^ 
focal plane of the objective. 

(2) Special phase objectives. These are ordinary objectives at the back of 

which, t.e. in its back focal plane, is inserted a phase plate co nsisting 
of a disk of glass having a circular trough etched in it and of such a 
depth that the light after passing through it has a phase difference of 
a quarter of a wave-lengtit compared with the rest of the plate (see 
Fig. 48). 

The objective is focussed on the specimen. The appropriate annulus for 
the objective is rotated into position under the condenser. The condenser is 
then focussed so that the image of the annulus is superimposed on tiie pbase 
plate at the back of the objective. A special telescope (supplied with the outfit) 
is inserted in place of the eye-piece and through it the back focal plane of the 
objective is observed. The aimulus and phase ring should coindde. If they 
are not exactly coinddent the centring screws under the condenser are 
adjust^ to achieve t^. The eye-piece is now re-inserted and the spednitei 
examined. 

All powers of the microscope can be used, provided that each objective hu 
its own phase plate fitted, and there is an apprq>riate annulus for it behm the 
condenser. 

The qptwo/ pmdpal briefly is as follows. If a diffraction grating is ex- 
amined the microscope, diffisction spectra are formed in the bach focal 
plane of the objective. The detail observed in the image is due to interfoteoce 
betwe^ititedbirect and diffraGted beams. Unstained cfojects such as twdtetis 
or odOa nteY be ccmaidered as similar to a diffiacthm that is, the ddRil 

conaiaiR of altemate strips of material with sWy A— ^ 

throu^ vritich light acquires small phase Metences, and thw form ^ 
cMiary iOmnination, however, auoh slijf^^ dpn«l^ afo 
afanoat coamletefy cfoacuted by the intma% of the direct 
hardly ai^ detail om be observwi at m 
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sUver or other metal* so that the intensity of the direct beam is much reduced 
and approaches that of the diffracted beam. In consequence of this» and as tlte 
illumination is much restricted by the narrow annular diaphragm, a high- 
intensity lamp must be used. 

Pha^ contrast microscopy is most valuable in generid biology, but has less 
^ ba^iiological work. It is useful, however, in examining the 
growth and subdivision of bacteria, flagellar movement, intestinal and other 
protozoa, such as amoebae, Trichomonas, etc., and Uving blood cells. 

The Interfereiice Microscope permits the n^asurement as well as the 
observation of the various phase ch^ges produced by transparent objects. 
The illumination system spUts the light reaching the object into two beams ; 
one passes through the object while the other acts as a comparison beam. 
Both beams may, in fact, pass through the object, but the image in one is out 
of focus with respect to that in the other. When the two beams are recombined 
they are allowed to interfere and the image of the object is defined by inter- 
ference contrast in the field. 

The Baker- Smith and Dyson interference microscopes both employ a 
built-in rotating polariser and a rotating analyser graduated in degrees. A 
quarter wave retardation plate of mica is placed below the analyser. The 
optical systems used are complex and for further information the reader 
should consult a monograph by Hale (1958). 

Phase differences in the object up to 1/300 wavelength can be measured by 
the interference microscope and from them, with the aid of a mathematical 
formula, the refractive index of living cells can be calculated. By immersing 
cells in media of different refractive indices the concentration of dried sub- 
stances in them can be estimated. Thus, interference microscopy can be used 
to determine the dry mass of living cells or their nuclei and as a quantitative 
cytochemical method (Davies et al,, 1954). 


FLUORESCENCE MICROSCOPY 

When certain materials as, for example, uranium ores, uranium glass, oil or 
fat droplets, solutions of aesculin and various dyes, are exposed to mtra-violet 
(UV) light, they alter the wavelength of the invisible light and so become 
luminous and are said to fluoresce. If tissues, cells or bacteria are stained with 
a fluorescent dye and are examined under the microscope with ultra-violet Bght 
instead of ordinary visible light, they become luminous and are seen as bn^ht 
objects against a dark back|;round. Moreover, these fluorescent dyes have a 
seie^ve action for the various microorganisms and celis and for their 
stituents which thus become readily recognised and identified. Dyes specify 
suited for fluorescent staining are auramine O, acridine orange R, berbimne 
sulphate, primulin, thiofiavin S, trypaflavine, thiazo- 3 reIlow G, and mcrin. 


Immiiiiofliiorescefice 
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techniques of immuirofluoresoence are described in Chapter 54 axtd by Naim 
(1964). 

Man]r manufacturers supply complete units for fluorescent microscopy but 
it is possible to acbqyt foe ordinary microscope for this work. 

The most satisfoctory li^ht source is a high pressure mercury vapour lamp 
and is preferred to foe tungsten or carbon arc lamps formerly used because n 
emits a very powerful beam of ultra-violet light at a steady intensity. Ihe 
wavelength range required is 290-325 mfi for fluorescein and 310-350 m/« for 
rhodamine; these two dyes have emission peaks at 525 mi* and 595 m/t 
respectively. The HB2()0 (Osram^) lamp is recommended for this purpose 
and has a wavelmgfo range of 280-600 m/i with peaks at 365 and 435 m/u. 
The lamp requires a special starter unit to provide a high tension initial 
impulse to start foe mercury arc, followed by a continuous flow of low tension 
current to maintain foe lamp. The average life of an HB200 uamp is 200 hr. 
and it is wise to keep a record of foe bumii^ time. The l^p should be 
enclosed in a protective housing because there is a small risk oflexplosion that 
increases when foe lamp is used beyond its stated life. Within foe housing an 
aluminium-coated reflecting mirror is needed and adequate centring devices 
are required. 

The collector lens of foe lamp should be made of ultra-violet transmitting 
crown glass or, better still, of “fused quartz” (quartz glass) because it is more 
heat-resistant than ordinary glass. Quartz condensers, and lenses in foe 
optical path are, however, quite uimecessary and in any case they are extremely 
expensive. Thus, foe absence of quartz condensers and lenses should on no 
accotmt discourage foe worker from undertaking fluorescence microscopy; foe 
one essential is a satisfactory light source. 

Condensers . — ^Two types of substage condenser may be used. For fluoro- 
chrome stained preparations a bright ground, three lens, aplanatic condenser 
is satisfactory, but for immune fluorescence a dark ground condenser gives 
better results, especially with the higher powered dry or oil immersion 
objectives. 

Olqectives . — ^Achromats are preferred to apochromats because foe glass of 
their lenses has less tendency to fluoresce. 

FUler systems. — (a) Primary filters. Light of wavelength 480 m/* is 
required and satisfactory filters, which must be sited close to foe lamp, are 
available from Kodak Wratten 18B, Chance Pilkington 0X7, in Great Britain, 
U.G.l of Schott & Genossen in West Germany, and Coming 5840 in the 
U.S.A. (b) Secondary filters are situated in foe eye-pieces and have the dual 
purpose of cutting oflF any UV rays which might damage foe cornea of foe 
observer’s eye wl^ at foe same time giving a satisfactory colour contrast A 
Kodak Wratten 2B filter is satisfectory, but a variety of green-yellow filters may 
be used. 

Immersion oS . — Special non-fluorescent immersion oil is essential and foat 
supplied by E. Leitz & Co. is recommended. 


Staining wifo Fluoaoduoine Dyes 

Auramine O. — ^This dye can be substituted for carbol fiichsin in foe SSehl- 
Nedsen method with the efl^ that the tubercle bacilli fluoresce and become 
much easier to detect 


* Manofectured by tile GeinMm**Otiam”CoBapsay and marketed in foe D.fcaad<r 

the name of “Neran". 
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Method 

The following are required: 
Stamng sohaion 


Auramine “O” 0*3 g. 

Phenol 3-0 g. 

Diadlled Water . 07.ft ml 


Dissolve the phenol in water with gentle heat. Add die auramine gradually 
and shake vigorously until dissolved. Filter and store in a dark stoppered 
bottle. 

Decolourising solution. 75 per cent, industrial alcohol containing 0*5 per 
cent NaCl and 0-5 per cent. HCl. 

Potassium Permanganate Solution. 1 in 1000. 

Stain a thin smear of sputum with auramine solution for 15 min. Rinse 
under the tap and decolourise for 5 min., with the add-alcohol. Wash well 
in tap water, apply permai^anate solution for 30 sec., wash well in tup 
water and allow to dry. (Do not use blotting paper to dry.) 

The film is examined dry with a -^in. (4 mm.) objective, or pr^erabik 
with and 8-mm. objective and a high-power eye-piece. The tuberde bactlU 
are seen as yellow luminous organisms in a dark field. A darkened room is an 
advantage. When fluorescent bacilli have been detected with the low power 
objective their morphology is checked by observation tmder the oil immersion 
objective. 

This method has the advantage that large areas of a film of sputum can be 
scanned in a short space of time. 

Ackioinb Orange R. — ^This dye has a marked affinity for the imddc adds 
found in host cell-parasite relationships. When cells stained with this dye are 
viewed with UV light the RNA components fluoresce with shades of oraii;^ 
and red while the DNA components take on shades of green. The method is 
of great value in studying the growth of animal viruses and bacteriophages in 
thw respective host cells (Anderson, Armstrong, and Niven, 1959). 


Method 

Coverdip preparations of living cells, tissue cultures or esudates are used. 
The following are required: 

1. 3 per cent. HCl in 95 per cent, alcohol. 

2. Citrate-|flios|diate buflfer pH 3*8 (see Ch^ter 50). 

3. Stock Acridine Orange R 0-1 per cent in distilled water. 

2 and 3 are prepared fi^hly each week and stored at 4* C. 


Proceed as follows: 

1. D ih itr die stock acridine orange solution 1 in 10 with the buffer w 


Z 

3. 

4. 

5. 


wifliout dday in add-alcohol for 5 mih- 
Rinse for 2 min. in two changa of buffer. 

Stain in the 04)1 per c«t acndine ora^ for 4-10 mm. 
Wash in two dwnges (ff buffer for 2 min. 


6. Mount in buffer. . 

7. the coveralm with nail mnadt 
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ELECTRON MICROSCOPY 

With improvement in design and the evolution of new preparatory 
techniques, the modem electron microscope has become indispensable in 
microbiological research. The greatly increased resolving power of the 
instrument enables details of the fine structure and of the nature of the com- 
ponent parts of bacteria, vimses, cells and tissues to be visualised in a way 
that is impossible with the light miqroscope. 

Although the electron microscope is complex, costly and technically 
difficult to maintain, the principlesdt its construction are closely paralleled by 
those of the optical microscope and easily understood. The Resolution of the 
light microscope depends on the wavelength of the light used and the 
numerical aperture of the lens (see p. 610). \^en electrons move they behave 
somewhat like light waves and have properties of refraction, \diffraction and 
interference. The wavelength of electrons is inversely propcMonal to their 
velocity and the particular wavelength used in an electron micmscope is of 
an Angstrdm unit, ue. about 100,000 times shorter than that of ordinary fight, 
and thus high resolution and great magnifications are possible. Theoretic^y, 
if conditions were identical in the optical and electron microscopes, resolution 
down to ^ A would be possible. However, the NA of an electron microscope 
lens is very small (the diameter of the aperture is only a few microns) and does 
not approach the width of that of an optical microscope objective. In practice, 
the best resolution that can be obtained is 3-5 A, i.e. 0‘3-0‘5 m/i. Thus the 
resolution of the electron microscope is approximately a hundred times better 
than that of the fight microscope. ' 

The electron microscope (see Fig. 49) consists of a column or “stack** (4) at 
the top of which is mounted the source of illumination, the “electron gun** (6) 
which emits electrons from a hot tungsten-wire filament (7). Beneath this 
filament a cathode shield (8) is placed. A high voltage (5) which can be varied 
from 50 to 100 kV. is applied to the anode. The fife of the tungsten wire 
filament is limited and it usually requires to be replaced after some 15 hr. 
viewing. A pencil beam of electrons (9) moving at high velocity is projected 
through the hole in the anode and onwards down the stack. The high 
accelerating voltage used must be stabilised with an accuracy better than 1 in 
100,000 in order to ensure uniform velocity of the electrons. Because the 
electron beam would be scattered by any atoms with which it might collide, 
the air in the stadk is completely evacuated and a vacuum of the order of 10~^ 
mm. Hg. is maintained (3). 

As in the fight microscope, focussing and magnification are achieved by a 
series of “lenses** which, in fact, are accurately controlled electromagnetic 
fields. There is a condenser lens system (10 and 1 1) which bends the rays of 
electrons so that a parallel beam is directed onto the object (12) placed bdow 
it The dectrons are scattered to a degree that is proportional to the thick- 
ness and density of the various parts of the specimen. An objective lens (14) 
gathers the scattered electrons ^ough a very small aperture (13) and brings 
them to a focus where a real prin^ image (2) is formed and is magnifi^ 
about a himdred times. Two '^projector** lenses (16), which have the mnction 
of the eye-piece of the light microscope, tm^nify a i^rt of the primary image a 
fnriim 300-500 times. The focal length of electromagnetic lenses can be 
changed by varying the current flowing through the tens and thus a con- 
tinuoudy variable magnification is obtamed ana controlled at the turn of a 
dial 

The final image ( 1 8) is observed on a fluorescent screen (19) situated at the 
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Fio. 49 

A (liunun to diow the optical system and component 
parts of an electron microscope. (1) Photographic plate; 
f 2) Primary imase: (3) Connections from stack to vacuum 

punS^Tw (5) 100,000-volt supply; (6) Ei«^ 

gun; (7) Hot tungsten-wire filament; (8) Ca&Me shield; 
(9) l^ectronheam; (10) First conden^Ws; (11) Srotwid 


end sec^ projector 1^; Focussing bm^uto*; 
08) Final image; (Id) Fluoieacent screen; (20) Cam^A* 
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lower end of the stack and is viewed through a glass window. The screen can 
be withdrawn by a lever to allow die electrons to impinge on a photographic 
plate (1) or film held in a camera (20) placed immediately below. Owing to 
the high resolving powers of the electron microscope it is possible to take 
natives at any magnification from 2000 to 100,000 and these may be enlarged 
photographicaUy up to ten times. Thus, a useful magnification of up to 
1,000,000 diameters can be obtained. 

The specimen to be examined is placed in a special holder and then 
introduced into the stack between the condenser and objective lenses through 
an air lock. Finally, when the vawum has been restored, it is lowered into 
position by a lever and its examination can be made. A 10 x binocular micros- 
cope (17) is used to facilitate accurate focussing before taking photographs. 

The controls of the electron microscope are accommo^ted in panw on 
its desk. They include dials for variation of the magnificatton, a meciumical 
stage to move the specimen, switches and meters to control and dieck toe 
voltage used, vacuum gauges, and controls for electron opncal alignment. 
The electronic circuits for stabilinng and controlling the hWh voltage and 
lens currents form a separate unit, as also do the rotary and d^sion pumps. 


THE PREPARATION OF MATERIALS FOR ELECTltON 
MICROSCOPY 

The electron beam, with an accelerating voltage of 50-100 kV., has a very 
poor penetrating power and for this reason only small objects or very thin 
sections of tissues can be examined in the electron microscope. The speci- 
mens must be mounted on films no thicker than 20 m^ and of high trans- 
parency to electrons. Such films are naturally very fragile and have to be 
mounted on small copper supporting discs that are perforated with many 
apertures regularly arranged to form a 200 per sq. in. meshwork. Suitable 
grids for the AEI and other electron microscopes can be obtained from 
Smethurst Highlight Ltd., Bolton, Lancs. 

They are made with a shiny surface on one side and a matt surface on the 
other for maximum adhesion of the film. Handling grids of this type requires 
very fine pointed forceps and is easier if the gncu are bent very sli^tly. 
Traces of fluid may adhere to the points of the forceps as the grids are being 
manipulated through various solutions rendering the adheren^ with the 
risk of damage to or loss of the specimen. This difllknuty can be avoided if it is 
made a rule always to take a strip of filter paper and blot away traces of fluid 
from between the points of the forceps before transferring the grid to any 
dry sur&ce. 

Preparation (rfSofiport Filnu 

Collodion Cast on Water. — ^The foUowing are required: 

fel A 2 per cent solution of nitrocellulose in amyl acetate (“Collodion”). 

(6) A brass ting 4 in. deep and about 3 in. in diameter which is covered on 

one side by a disk of fine copper gauze (200 in. mesh). 

(e) A 4-in. Petri dish or a shallow glass bowl of similar diameter standing 
on ^ lid of a 6-in. Petri dish. 

PaOCBDOKB 

1. Place the ring, gauze ude uppermost, in the snudl Petri dhh and ixw in 

clean distilled water until it is covered and the water just readhes the brim <» 
tlte dish* 
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2. Pick Up electron xnicrosoope grids with fine forceps^ moisten riiem 
carefully and place them in even rows, shiny surface down, on to the copper 
gauae. 

3. The surface of the water is now cleaned by allowing two drops of the 
collodion to fall on it from a dropping pipette* A solid fifan is formed within a 
few seconds entrapping any dust particles on the surface and is then swept 
away with a glass rod, 

4* A second film is now formed in the same way* 

5. With minimum disturbance pipette die water out of the Petri dish into 
the surrounding trough. The collodion membrane siidcs gently on to the grids 
on the copper gauze. 

6. The gauze on its ring is now lifted from the dish and set to dry over 
calcium chloride in a desiccator. 

7. When the grids are required for use they are freed by cutting the 
membrane at their edges with a fine needle, and then transferred to a holding 
clip. 

Formvar Cast on Glass. — ^The following are required: 

(a) A 0* 125 per cent, solution of polyvinyl formal (Formvar) in chloroform. 

(A) Microscope slides and short length of glass rod cleaned with a deter-* 
gent and polished with a clean cloth. 

(c) The materials required for collodion films. 


Procedure 

1. Place a drop of the Formvar solution on a microscow slide and spread 
it to cover the whole surface with the glass rod. Allow a few seconds for the 
chloroform to evaporate. Ideally the film should have a pale straw colour. 

2. Breathe heavily on the film. , v j « 

3. Float off the Formvar membrane by lowenng the slide at a shallow 
angle into the water in a Petri dish in which grids have been placed on copper 
gauze 0^ supra). 

4. Proceed as in making collodion films. * t. 4. r 

Formvar films are much stronger than collodion films and ^ heat 01 

the electron beam much better. They suffer, however, from 

that they may have a coarser grained surface than ^llodion and 

desirable if the specimen to be viewed is comprised of small particles o 

They c^be obtained by evaporating carbon on to Ae 8“*^^ 

and Wted off as for Formvar. They Jiave a ducto*^ of 5^ ^ 

have the foieat grain of any film so far d^nbed. oJtoa 

and some vrorkm prefer to evaporate a layer of carbon 20-50 A thick on to a 

grid previously covered with a collodion membrane. 

PrepuwtkMt of SoapoMioM of Microorganiami for Eteotton 

Risy requita wsvwd cycles of differentisl centritugs 
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Fisatlut 

Bacteria and the larger viruses require some form of fixation though this 
may be omitted with some of the smaller viruses. Usually the suspension or 
the centrifuged pellet is added directly to the fixing solution. If sections are 
to be cut the pellet may be embedded in 2*0 per cent, molten agar (Difco, 
Noble agar, utm infra). 

The following three fixatives are of general usefulness: 

Kellmibeiger’s Metliod tot tlie Fixathm of Microorganisms (Kellen- 
berger, Ryter & S^chaud, 1958). 

Prepare the foUotoingi 


(1) 

Michaelis veronal-acetate buffer: 


Sodium barbitone . . . . . \ 

. 2*94 g. 


Sodium acetate (hydrated) . . . \ 

. 1*94 g. 


Sodium chloride 

i . 3*40 g. 


Distilled water to make .... 

\ . 100 ml. 

(2) 

KeUenberger buffer: 

. 5*0 ml. 

Veronal-acetate buffer .... 


DistiUed water ..... 

. 13 0 ml. 


OliSTHCl 

. 7*0 ml. 


Mil CaCl. 

Adjust to pH=6*0 with the 0*liV HCl or buffer. 
Prepare freshly on the day of use. 

. 0*25 ml. 

(3) 

KeUenberger fixative: 

. 0*1 g. 

Osmium tetroxide ..... 


KeUenberger buffer 

The pH does not change. 

. 10*0 ml. 

(4) 

Tryptone medium: 

. 1*0 g. 

Bacto-Tryptone (Difco) .... 


Sodium chloride ..... 

. 0*5 g. 


DistiUed water to make .... 

. 100 ml. 

(5) 

Sterile agar solution: 


Agar (Noble) 

2*0 g. 


Distilled water to make .... 
Sterilise in the autoclave in 5 or 10 ml. amounts. 

100 ml. 

(6) 

KeUenberger washing solution: 

0*5 g. 


Uranyl acetate 


KeUenberger btiffer to make 

This solution keeps for several weeks at 4^ C. 

100 ml. 


Proceddbe 

(1) Mix 30 ml. of a suitable suspenaon of microorganisms with 3*0 ml. of 
KeUenberger fixative. Centrifuge 5 min. at 1800 G. 

(2) Decant the supernatant and resuspend the deposit in 1*0 ml. of 
KeUenberger fixative to which has been added 0*1 mb tiyptone 
ntedtum. 

(31 Stand ovemight (about 16 far.) at room .. iture. 

(4) Add 8*0 mL KeUenbetger butter and cent 5 min. at 1800 G. 

(5) jDecatit the supernatant and resuspend the in diatUkd wattr for 
£tect electron microscopy. 
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(6) If ultra-thin sections are to be cut proceed as follows: 

(u) add about 0*03 ml. of molten agar at 45° C. to the suspendoa 
and mix carefully ; 

(6) pour a drop of the molten agar suspension on to a clean micro- 
scope slide and allow it to set firm ; 

(c) cut the solid drop of agar into 1-mm. cubes with a razor blade i 

(d) place the cubes into the uranyl acetate wa4ung scdution for 2 hr. 
at room temperature. 

The cubes are now ready for dehydration and embedding. 

For the techniques of embedding and the preparation and staining of 
ultra-thin sections, the reader is referred to Glauert (1961) and to Pease (1 W). 

Palade’s Fixative (Palade 1954) 

(1) Osmium tetroxide 1*0 g. 

Distilled water . .50 ml. 

Store in a dean dark glass bottle away from the light. It keeps for 
for several months at 4° C. 

(2) Sodium barbitone . 

Sodium acetate (hydrated) 

Distilled water 

(3) Prepare the fixative as follows: 

Mix together— 

2 per cent, osmium tetroxide 
Veronal-acetate buffer . 

OliVHCl . 

Distilled water 

Adjust to pH 7-3-7-4 uring 0-1 N HCl. The fixative can be stored for 
a few days at 4° C. It is used mainly for fixing protozoa, cells and 
tissues. 


2-89 g. 
1-9 g. 
100 ml. 


. 12’5 ml. 
. 5-0 mL 
approx. 5*0 mL 
. 2*5 ml. 


Glutaraldehyde Fixation 

(1) Stock solution 25 per cent, of glutaraldehyde (L. Light, Colnbrook). 

(2) Phosphate buffered saline (see Chapter 50) 

Fixative - , 

Glutaraldehyde 

Phosphate buffered saline . • • • . ^umi.^ 

If sections are to be stained with lead 

cacodylate for the phosphate buffered sahne in order to avoid the 
predpitation of lead. 

Adjust to pH 74. ^ t j 1 . 4 

Glutaraldehydei*anexcenentfiptiveandmuc^I«norto^^ 

Moontiiig.— The fixed bacteria are spun down in the ^ituge^ 
resuspendSinto a suitable volume in 

contrast microscope is used to ensure that the ^ aur&ce of a 

nortoodilute. -Tditip of ^.suspi^on 
supporting film on a grid- 

to Its under ride. ■^'^^-^Smm.theOTp^^^. 
ready for exaerinatioa. 
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Contrast Enhaacemoiit 

Microorgamsms fixed in this manner are seen in outline under the electron 
microscope but if their components and the minute det^ls of their structure is 
to be seen some form of contrast enhancement is required (Valentine, 1961). 
This is usually achieved by the use of “shadow casting’* or by negative or 
positive staining techniques. 

Shadow CMtiiig or metal shadowing consists of a technique whereby an 
atomic vapour of electron dense material is directed at an angle and deposited 
over the specimen. Heavy metals such as gold, platinum, palla<fium or their 
alloys are evaporated under a high vacuum in a special plant designed for the 
purpose (Bradey, 1961). The effect is that the side of the oMect fairest from 
the source of the heavy metal vapour is protected from the impinging atoms; 
these areas are more electron transparent than the overlaid areas and in 
electron micrographs look like shadows. The method is of p^cular value in 
the examination of bacteria bearing fiagella and/or fimbriae and in visualising 
the filaments of spirochaetes. \ 

Negative Staining. — ^When virus particles or other small objects are 
added to a neutral solution of potassium phosphotungstate and the mixture is 
transferred to electron microscope grids the particles appear under the 
electron microscope as surrounded by an electron-dense background. 
Furthermore, any surface contours and depressions attract the tungstate so 
that details of the external characters of the object are revealed (Home & 
Wildy, 1 963). The method has been particularly successful in t^e study of the 
fine structure of animal viruses and bacteriophages but has many applications 
in microbiology. 

Pho^hotungstate Staining. — ^The method is that of Brenner & Horne 
(1959). Specimens for examination are suspended in a volatile buffer such as 
1 per cent, ammonium acetate and then are added to an equal volume of 2*0 
per cent, phosphotunratic acid adjusted to pH 7*0 by the use of NJl KOH. 
The mixture is placed on electron microscope grids in the way described or 
sprayed on them with a “Vaponephrin” spray (Horne & Naginton, 1959). 
Sometimes the phosphotungstate fails to spread and forms dense masses in 
which the particles are completely buried. This may be corrected by the 
addition of a trace of serum albumin to reduce the surface tension or by 
reducing the concentration of phosphotungstate. If, on the other hand, the 
phosphotungstate spreads too widely and mrms only a thin film the trouble 
can sometimes be overcome by increasing the tungstate concentration and/or 
diluting the virus preparation a little. 

Urat^l acetate in a 1 per cent, solution can be used in a similar way. It 
does not produce so great a contrast as phosphotungstate but is valuable for 
the very smallest particles and macromolecules. The. deposited uranyl 
acetate has an even texture and is less “grainy” tlm phosphotungstate. 

Foritive has its main application in microbiology in the enhance- 

ment of the contrast in ultra-thin sections of bacteria, protozoa and other cells. 
Solutions of heavy metal compounds such as phosphotungstic add, phoapho- 
molybic acid, uranyl acetate, barium hydroxiae, lead acetate and lead tartrate 
are all used. 

Much information is obtained from the study of ultra-thin sections and the 
techniques involved include embedding in hypoxy-restns, the use of the ultra 
micromme and special staii^ For the detatb of these tfedbn^ 

^ reader is rdmed to Glauert & Phillips (1961) and Peaae (1960). "" * 
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CHAPTER 45 


STAINING METHODS 

As bacteria consist of clear protoplasmic matter, differing but slightly in 
refractive index from the medium in which they are growing, it is difficult with 
the ordinary microscope, except when specid methods of illumination are 
us^, to see them in the unstained condition. Staining, therefore, is of 
primary importance for the recognition of bacteria. 

The use and general principles of bacterial stsuning havd been discussed in 
Chapter 2. I 

METHODS OF MAKING FILM OR SMEAR 

PREPARATIONS ' 

\ 

Before describing the various staining processes, details^ of the methods 
employed in making films must be considered. 

Film preparations are made either on coverslips or on the ordinary 3x1 
in. glass slides, usually the latter. It is essential that the coverslips or slides 
should be perfectly clean and free from grease, otherwise uneven films will 
result. 

Coverslips . — ^These should be } or | in. square, and of No. 1 thickness, ».«. 
0-1 mm. thick. (Thicker coverslips — No. 2 — may prevent the oil-immersion 
objective from coming near enough for the specimen to be focussed.) They 
are cleaned by placing them in a mixture of nitric acid, 6 parts; potassium 
bichromate, 6 parts; v'ater, 100 parts. They should be dropped one by one 
into the fluid. The solution is contained in an evaporating dish and boiled. 
Alternatively, they may be cleaned in the dichromate-sulphuric acid solution 
(p. 660) by ffie m^od described for slides on p. 860. The coverslips are then 
well washed, first in tap water and later in distilled water, and stored in a 
stoppered jar in 50 per cent, alcohol. Before use they are dried with a soft 
dean cloth, such as an old handkerchief. For routine use, the coverslips may 
be suffidently clean as supplied by the maker and require only to be wiped 
free from grit and dust with a dean dry doth. 

Slides . — ^These may be treated in a manner similar to coverslips. A 
miicker and quite satisfactory method for ordin^ routine use is to wipe the 
slide with a dean dry cotton doth and then, holding its end with forceps, roast 
it free from grease by passing it 6-1 2 times through a blue Bunsen fiame. The 
heating should be as strong as is possibb without cracking the slide. Cracking 
is rented less likely by allowing the slide to cool somewhat before laying 
down, or by laying it on a warmed metal rack. Another method of deaning is 
to moisten the finger with water, rub it on the surface of some fine sand soap, 
and then smear the surface of the slide. After removing the soapy film with a 
dean doth the surface is dean and free from grease. For special purposes, 
such as the staining of flagella, slides are deaned with hot ditmromate- 
sulphuric add solution followed by flamiiw, as described on p. 660. If the 
slide is perfectly dean a drop of water can be spread over its surface in a thin 
evta ffim; otherwise the water collects into smu dn^ and a film cannot be 
made. 

After the films have been made and examined the slides dundd he dts* 
carded. Thsy dtould mi be deemed and used a[^dn, since it is d^Ukult to ensure 
tiimt all orgamsnu are removed. 
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In the case of fluid matenal, e.^. broth cultures, urine, nnittmi, puSt etc., 
one loopful (or more) is taken up with the inoculating wire (p. 789) and spread 
thinly on the slide. A little experience will soon determine tile amount 
required, and in spreading the films it will be found that there are both thick 
and thin portions, which is not disadvantageous. The slide is tijen held in tiie 
palm of the hand high over a Bunsen flame and dried. The film is by 
passing the dried slide three times slowly through the flytfie, or by beating 
through the glass slide. In the latter method the slide is held, film upwards, in 
the top of the Bunsen flame for a few seconds so that the slide becomes hot 
Care must be taken not to char the film, and when the slide is just too hot to be 
borne on the back of the hand, fixation is complete. 

In making films on coverslips and staining them. Comet’s forceps are used 
to hold the sup in a horizontal position, the forceps resting on the bench. 

With solid material, such as cultures on agar, etc., it is necessary to a 

loopful of clean water on the slide. The loop is then sterilised and a minntt, 
quantity of material, obtained by just touching the growth, is transferred to 
the drop, thoroughly emulsified, and the mixture is spread evenly on the slide. 
The resulting film is fixed and dried as above. Beginners are apt to take more 
material than necessary from the culture and thus make too thick a film. 

STAINING OF FILMS 

The stains are poured directly or filtered on to the slide. When stiuning is 
completed, the dye is washed off with water, and the slide is allowed to dry in 
the vertical position or is placed between two sheets of white flufiSess blotting 
paper or filter paper. The drying of the film is completed over the Bunsen 
flame. Such stained films may be mounted in Canada balsam under a cover- 
slip, or may be examined unmounted with the oil-immersion lens, a small drop 
of cedar-wood oil being placed directly on the film. If it is desired to mount 
the preparation later, the oil can be removed with xylol or benzol (i.e. benzene). 


STAINING OF TISSUE SECTIONS 

The sections being embedded in paraflin (p. 677), it is necessary to remove 
the par^Sin so that a watery stain may penetrate. The paraffin is first 
removed with xylol (xylene) or benzol (benzene), the xylol or benzol is then 
removed with alcohol (95 per cent, ethanol), and the alcohol is replaced witii 
water. Hie staining is then done. After staining, the section must be 
dehydrated with absolute alcohol, cleared in xylol and mounted in Canada 
balsam under a coverslip. The Canada balsam (which is a resin) is dissolved 
in xylol in order to render it suitable in consistency. 

Alco/ud (Ethanol) Solutions.— The reagents most commonly emiflo^ iu 
preparation of sections are "absolute alcohol", which is 100 per cent, ethanol, 
and "95 per alcohol", which is a 95 per cent, solution of ethanol in water 
by volume (i.e. 95 mi. absolute alcohol plus water to give 100 ml sdution). 

Industrial methylated spirit (not nuneralised) may be used for making up 
stains, deoflouruung stained preparations, dehydrating tissues and treating 
sections. The type known as "Toilet spirit, acetone free (66 O.P.)” is quite 
satisfactQ^ for use instead of 95 per cent, alcohol Similarly, induMnal 
methylated spirit, absolute (74 O.P.), can be used instead of absolute aletdiifl, 
Not only are tbes* industtba spirits much cheaper than rectified ^t (90 jper 
<^t. ^hol) and dMolute alcohol but permits for obtaimng thm duty-see 
sre more mdily granted by tiie Customs Autiionties. 
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Technique . — ^The slide bearing the paraffin section is placed in a jar of 
x]rlol for some minutes to remove the paraffin. The section is then treated 
with a few drops of absolute alcohol (effianol), when it immediately becomes 
opaque. A few drops of 50 per cent, alcohol are poured on, and the slide is 
finally washed gently in water. If the tissue has been fixed in any mercuric 
chloride preparation, such as Zenker’s fluid, the section should be treated with 
Gram’s iodine solution for a few minutes (p. 649), then with 95 per cent, 
alcohol and finally with water. The sections are now ready to be stained by 
the appropriate method. After staining and washing with water, the slide is 
wiped all round the section with a clean cloth to remove excess of water. The 
bulk of the water in the section may be removed by pressing between fluffless 
blotting paper. The section is treated immediately with a drops of 95 per 
cent, alcohol and then with absolute alcohol. The slide \i8 again wiped all 
round the section, a few more drops of absolute alcohol are red on and the 
slide is then immersed in xylol. When cleared, the slid is removed, and 
excess of xylol round the section is wiped away, a drop of < 'anada balsam is 
applied and the section mounted under a No. 1 coverslip. is essential that 
the section should not be allowed to dry at any period of the rocess, and that 
dehydration with absolute alcohol should be complete in order that the section 
may be thoroughly cleared. 

When the bacteria are readily decolourised with alcohol, aniline-xylol 
(aniline, 2 parts; xylol, 1 part) should be used for dehydration. After 
washing, when the slide has been wiped round the section, the preparation is 
blotted and then treated with the aniUne-xylol mixture, which clears as well as 
dehydrates. The aniline-xylol is then replaced with xylol. This can be done 
conveniently by holding the slide almost vertically and dropping xylol from a 
drop bottle on to the slide just above the section. The xylol flows over the 
section and quickly removes the aniline. The preparation is mounted 
immediately in Canada balsam. 


DFX Mounting Medium 

A mounting medium that replaces Canada balsam has been devised by 
Kirkpatrick and Lendrum (1939, 1941). It consists of polystyrene (a synthetic 
resin) dissolved in xylol, with a plasticiser — dibutyl phthalate — ^to ensure 
flexibility. There is, however, much shrinkage and the mounting fluid should 
be applied generously. The mountant termed DPX is made up as follows: 

Mix dibutyl phthalate (B.D.H.) 5 ml. 

with pure xylol . . 35 ml. 

and dissolve * **Distrene 80”^ 10 g. 

DPX medium is water-clear, inert and does not become acid or cause fading 
of stained preparations. It is used in the same way as Canada balsam. 

If polystyrene of a low molecular weight (about 3000) is used, much less 
xylol is required and no plasticiser nera be added. Moreover, there is 
practically no shrinkage, wUch is a great advantage over DPX. 


SIMPLE STAINS 

% 

These show not only the piesence of oiigsnlsnu but also the nature of the 
odQular content in exudutes. 

* Noranllf obtakiable from Mesus. Hoasyvill ft Stein, Ltd., 21 St Janiet** 

Square, Lcnum, S.W.l. 
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METHYLENE BLUE 

Of the numv preparations of this dye, Laffler’s methylene blue is generaUy 
the most useful: 

Saturated solution of methylene blue in alcohol 300 ml. 

KOH, 0-01 per cent, in water . . 1000 ml. 

FUms.—Stsiti for 3 min., then wash with water. This preparation does not 
readily over-stain. 

Sections , — Stain for 5 min. or longer. The application of the alcohol 
during dehydration is sufficient for differentiation. Aniline-xylol can also be 
used for dehydration and clearing. 

Polychrome Methylene Blue 

This is made by allowing Ldffler’s methylene blue to “ripen” slowly. The 
stain is kept in bottles, which are half filled and shaken at intervals to aerate 
thoroughly the contents. The slow oxidation of the methylene blue forms a 
violet compound that gives the stain its polychrome properties. The ripening 
takes 12 months or more to complete. The preparation is used in a manner 
similar to LSffier’s methylene blue; it is employed in McFadyean’s reaction 
(p. 299). 

Borax Methylene Blue (Masson) 

This gives similar staining results to polychrome methylene blue. 

Methylene blue 20 g. 

Borax 50 g. 

Water 1000 ml 

Warm the water to 60° C., stir in the solids, and allow to cool slowly. This 
staining solution improves with age. 


DILUTE CARBOL FUCHSIN 

Made by diluting Ziehl-Neelsen’s stain (p. 653) with 10-15 times its 
volume of water. Stain for 10-25 sec. and wash well with water. Over- 
staining must be avoided, as this is an intense stain, and prolonged application 
colours the cell protoplasm in addition to nuclei and bacteria. 


NEGATIVE STAINING 

“Negative Staining” is exemplified by Burri*s India mk method, whu^ 
was formerly used for the spirochaete of syphilis. A small (jumtity of India 
mk is on a slide with the culture or other material contain]^ bacteria, 
and then by means of another slide or loop a thin film is made; this is allowed 
to dry before being examined. The bacteria or spirodiaetcs are seen as dear 
transparent objects on a dark-brown background. (See also India ink methods 
for capsules, p. 658.) 


FUQMING’S NIGROSIN METHOD 

A 10 per ceni aohition of nigiosinfG. T. G'f] “ 
water (solution is in about an hour) and filtered. Formalin ws pttc 
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cent* (t*tf .formaldehyde 0* 19 per cent.) is added as a preservative. A small drop 
of the dye is placed on a slide, bacteria are mixed with it and a smear is made 
with a loop or another slide. A number of preparations can be xnade on the 
same slide. Dry and examine. 

Nigrosin gives an absolutely homogeneous background, and this is the 
simplest method of making a preliminary examination of a culture to show 
shape, size and arrangement of bacteria. Most bacteria stand out as clear 
objects on a dark field, but some bacilli, such as those of the coliform and 
haemophilic ^oups, show in their central portion a slightly dark patch some- 
what resembling a nucleus. This is attributed to the fact that in drying they 
develop a shallow depression in which some of the nigrosin lies. In the 
spore-bearing anaerobes the spores are larger than the bacilli, so that when the 
nigrosin film is slightly thicker than usual the spores stand put as bright clear 
spaces while the bacillary bodies are slightly overlaid with \he nigrosin. 


GRAM’S STAINING METHOD ^ 

This is the most important staining method in bacteriology, and must be 
employed for the diagnostic identification of various organisms. The 
principle of the method has been dealt with in Chapter 2. 

Certain bacteria when treated with one of the basic para-rosaniline dyes 
such as methyl violet, crystal violet or gentian violet (which is a mixture of the 
two preceding dyes), and then with iodine, “fix** the stain so that subsequent 
treatment with a decolourising agent — alcohol or acetone — does not 
remove the colour. Other organisms, however, are decolourised by this 
process. If a mixture of various organisms are thus stained and subjected to 
the decolourising agent, it is found that some species retain the dye, and these 
are termed “Gram-positive**, whereas others are completely decolourised and 
are termed “Gram-negative**. In order to render the decolourised organisms 
visible, and to distinguish them from those retaining the colour, a contrast or 
coimterstain is then applied. This counterstain is usually red, in order that 
the Gram-negative organisms may easily be differentiated from the Gram- 
positive organisms, which retain the original violet stain. 

If Gram*s method is properly carried out. Gram-positive organisms and 
fibrin are stained dark violet in colour. Gram-negative organisms, the nuclei 
and protoplasm of pus cells and tissue cells are stained pink with the counter- 
stain. To obviate errors from overdecolourising, a control film of a known 
Gram-positive organism (f.^. a pure culture of Staphylococcus aureus) may be 
made at one side of the film to be examined. For the recognition of Gram- 
negative oiganisms such as gonococci or meningococci in pus, this control 
must retain the violet stain while the nffclei of the pus cells are stained only 
with the counterstain. 

In the original method of Gram (1884), the smear was stained with 
aniline-^gentian violet, treated with Lugol’s iodine, decolourised with 
absolute alcohol, and counterstained with Bismarck brown. Later modifi* 
cations, however, have given better results. 


KOPELOFT AND BEERMAN’S (1922) MODIFICATION 
(Decolourisation with acetone) 

This mediod, which is a modification of Burke’s (1922) method, » 
recommenxicd tor general use. 
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SoMims required 

(1) Methyl violet stain. 

Solution A: 

Methyl violet 6B 10 g. 

Distilled water lOOUml. 

Solution B: 

Sodium bicarbonate (NaHCOs) • • . . SOg. 

Distilled water 1000 mL 

Shortly before use, mk 30 volumes of solution A with 8 volumes of 
solution B. (The mixture is apt to precipitate within a few days and so cannot 
be kept. Methyl violet solution without the addition of bicarbonate acts dmost 
as well in Gram staining and has the advantage of keeping indefinitely. For 
critical work, however, a freshly made mixture of stain with bicarbonate is to 
be preferred.) 

(2) Iodine solution. 

Iodine 20 g. 

Normal solution of sodium hydroxide (i.e. IN NaOH, 

or 4 per cent. NaOH) 100 ml. 

Distilled water 900 ml. 

Dissolve the iodine in the NaOH solution and, when it is dissolved, add 
the distilled water. 

(3) Basic fuchsin stain. 

Basic fuchsin 0*5 or 10 g. 

Distilled water 1000 nJ. 


Procedure for stedning films 

(1) Make a smear on a slide according to the instructions given on p. 642. 
Dry thoroughly in cool air or in warm air far above a Bunsen flame. Then, 
fix by flaming in the usual way (p. 643). 

(2) Cover the whole slide with methyl violet stain and allow this to remam 
on the slide for about 5 min. 

(3) Tip oflF the methyl violet stain, hold the slide at a steep slope and wash 

oflF the residual stain with an excess of iodine solution; begin by pouring the 
iodine on the upper end of the slide and work downwards. (It is important to 
use enough iodine solution to wash away all the crystalline deposit that forms 
when the stain and the iodine mix.) . . ^ 

(4) Cover the whole slide with fresh iodine solution and leave it thus tor 

about 2 min, ^ . 

(5) Decolourise with acetone (100 per cent). First tip oflF the io<^ and 
hold the sEdc at a steep slope, ^cn pour acetone over the shde from ite 
upper end, so as to cover its whole surface. Decolourisation is very ra{ud, and 
is usually complete in 2-3 sec. After this period of contact the acetone lam 
at once be removed by washing thoroughly with water under a runmi^ 

To avoid delay, the tap should be runmng before the acetone is applied to the 

' (kopcloff and Becrman recommended that the acetone sho^^ 

the lUde drop by drop untU no colour is seen in the wa»^ t^ Ojtt 

decolouiuMuin aenenlly re<^e« le» ^ ® ^ ^**.1^* 

reduced to t We have found that, wth thin ameais, auoMMiRH 
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restilts are obtained more consistently if the acetone is flooded over the slide 
and then washed off with water after only 2 seconds* contact.) 

(6) Cover the whole slide with basic fuchsin stain and allow this to remain 
for about 30 sec. 

(7) Wash thoroughly (for c. 5 sec.) in water from the tap, blot and dry in 
air. 

Normally a Gram-stained film is examined under oil-immersion without 
mounting under a coverslip. The oil can be removed with xylol or benzol if it 
is desired to preserve the film. 

Procedure for staining sections 

(1) Remove paraffin with xylol or benzol. j 

(2) Treat the section with absolute alcohol (ethanol)! and wash in tap 

water. \ 

i 3) Cover the slide with methyl violet stain and allow to act for 5 min. 

4) Wash off stain with an excess of iodine solution, cover with more 
iodine and allow to act for 2 min. \ 

(5) Decolourise with acetone {vide supra). The visible violet staining 
should be removed from the section and this may take one or two seconds 
longer than is necessary in the decolourisation of films. 

(6) Wash slide in water from tap. 

(7) Counterstain with basic fuc^in for 30 sec. 

(8) Wipe carefully around the section to remove as much water as possible, 
dehydrate quickly in absolute alcohol, clear in xylol or benzol and mount in 
Canada balsam or DPX. 

Use of acetone-alcohol as decohuriser 

Kopeloff and Beerman*s method is sometimes modified by the substitution 
of acetone-alcohol in the place of pure acetone as decolouriser. Acetone- 
alcohol is a mixture of 1 volume of acetone with 1 volume of 95 per cent, ethyl 
alcohol (ethanol). It acts rather more slowly than pure acetone and decolour- 
isation may be prolonged to 10 sec. or more, and can be more carefully 
adjusted in duration. It is not, however, considered to be quite as satisfactory 
as pure acetone in producing specific differential decolourisation. 


BURKE’S (1922) MODIFICATION OF GRAM’S METHOD 
(Decolourisation with acetone) 

(1) Make smear, dry in air, and fix by flaming. 

(2) Cover the slide with 1 per cent, aqueous methyl violet (or crystal 
violet). Then add 5 drops of a 5 per cent, solution of sodium bicarbonate to 
the dye on the slide, mix, and allow to act for 3 min. 

(3) Tip off the stain and flush the slide freely with iodine solution fiodine 
10 g., potassium iodide 20 g., and distilled water 1000 ml.). Cover slide with 
fre& iodine solution and allow to act for 1-2 min. 

(4) Wash in water from tap, blot off all free water, but do not allow smear 
to dry. (Alternatively, blot the iodine from the slide.) 

(5) Decolourise with acetone (100 per cent.) or acetone-ether (1 volume of 
ether and 2 volumes of acetone). Cover the slide with the decolouriser* stand 
for a few seconds, drain off, cover with fresh decolouriser for 1-2 sec« and 
drain off. Decolourisation usually requires a total duration of contact of less 
than 10 sec. 
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(6) At once blot slide and allow to dry in air. 

(7) Counterstain for 10 sec. or longer with a 2 per cent, aqueous solution 
of saframne (or neutral red). 

(8) Wash o« counterstain by flushing with water for a few seconds, blot 
and allow to drv in air* 


JENSEN*S MODIFICATION OF GRAM*S METHOD 

(Decolourisation with alcohol) 

This modification can be recommended for routine bacteriological work. 
It h^ been used especially in examination of exudates for gonococci and 
meningococci. 

Solutions required 

(1) Methyl violet stain: 

Methyl violet 6B (or crystal violet) . . . . 5 g. 

Distilled water 1000 ml. 

The solution should be made up in bulk and filtered. It keeps indefinitely, 
and does not precipitate, but should be filtered again before use. 

(2) Iodine solution (Lugors iodine)^ : 

Iodine . . . 10 g. 

Potassium iodide 20 g. 

Distilled water 1000 ml. 

Dissolve 20 g. potassium iodide in 250 ml. water, and then add 10 g. 
iodine; when dissolved, make up to 1000 ml. with water. 

Note that the iodine solution is three times stronger than the original 
Gram’s iodine. 

(3) Counterstain — Neutral red solution: 

Neutral red 1 g. 

1 per cent, acetic acid 2 ml. 

Distilled water ....... 1000 ml. 

Procedure for films 

These are made, dried and fixed in the usual way. 

(1) Cover the slide with methyl violet solution and allow to act for about 
30 sec. 

(2) Pour oflF stain and, holding the slide at an angle downwards, pour on 
the iodine solution so that it washes away the methyl violet. Cover the slide 
with fresh iodine and allow to act for about 30 sec. 


* Iodine solution does not keep well and it is convenient, esp^^y where staiy are 
distributed from a central source, to have potassium iodide and iodine mixed ready for 
solution when required. Potassium iodide tends to be hyoroscopic and must be dr^ 
otherwise the mixture tmomes sticiky and lumpy. Place the potassium iodide in a thin 
layer in a Petri dish overnight in a desiccator over calcium chloride. Mix two parts of 
potaMium iodiifo by with one part of iodine in a mortar. We^ put « once 

“wounta of 7*5 p.m« md place in l-o*. acrew-capped bottle^. 723) and acMw 
down the oma, Thia is euflSdent for 250 ml. of solution. mature Mpe 
jndefinitdy and easily •‘poura" from the bottle. For uee, place the eent^ of om 
bottle into an en^^efO-oa. •ctew..capped bottle. Add about SO ml. dUttOlad wwer and 
SKitate until is dissolved. Make up to 250 mL with dtotaOed wUtw. 
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(3) Wa^ off the iodine wi A absolute alcohol (ethanol) and treat with fresh 
alcohol, tilting the slide from side to side until colour ceases to come out of the 
preparation. This is easily seen by holding the slide against a white ba^- 
ground. 

(4) Wash with water. 

(5) Apply the counterstain for 1-2 min. 


(6) Wash with water and dry between blotting paper. 

This method is very simple and gives excellent results with freedom from 
deposit. Safranine, 0*5 per cent, in distilled water, may be substituted for 
neutral red as counterstain. Basic fuchsin, 0*05 per cent., may be used for up 
to 30 sec., but dilute carbol fuchsin should not be used because it tends to 
stain Gram-negative bacteria so intensely that they may apppr Gram-positive. 

For the gonococcus and meningococcus in films, Sandifwd^s counterstain is 
useful, particularly when the organisms are scanty. \ 


Malachite green 
Pyronine . 
Distilled water 


. 0*05 g. 

. 0*15 g. 
to 100 ml. 


(The stain keeps for about a month only.) Apply the counterstain for 2 min., 
flood off with water (but do not wash) and blot. Cells and nuclei stain bluish 
green. Gram-positive organisms are purple-black and gonococci red. It 
should be noted that not all samples of pyronine are satisfactory for this stain, 
so that with each new purchase of pyronine the made-up stain should be tested 
on a film known to contain gonococci or meningococci. 


WEIGERT'S MODIFICATION OF GRAM’S METHOD 
(Decolourisation with aniline-xylol) 

Solutions required 

(1) Carbol gentian violet. 

Saturated alcoholic solution of gentian violet . . 1 part 

5 per cent, solution of phenol in distilled water . 10 parts 

(This mixture should be made up each day, as it tends to precipitate.) 

(2) Gram’s iodine. 

Iodine 1 g. 

Potassium iodide . 2 g« 

Distilled water 3W ml. 

(3) Aniline-xylol. 

Aniline 2 parts 

Xylol 1 part 

(4) Dilute carbol fuchsin. 

Ziehl-Neelsen’s carbol fuchsin (p. 653) . . *1 part 

Distilled water 9 parts 

(5) Carmalum solution. 

Carminic add 1 g« 

Potassium alum 10 g* 

Distilled water 260 ml. 

Dissolve with gentle heat; filter and add 1 ml formalin as pres^ti^^ 



gram’s stain 


6Sl 


Procedure for films 

These are made, dried and fixed in the usual manner. 

H) Stain with carbol gentian violet for 2-3 min. 

^2) Pour off stain, replace with Gram’s iodine solution and allow to act for 
1 mm. 

(3) Dry thoroughly by blotting. 

(4) Decolourise with aniline^xylol, using several changes until the stain 
ceases to be removed. 

Now examine at this stage under the low power of the microscope; the 
nuclei of the pus cells should be of a pale- violet colour; if the nuclei are deeply 
stained, then decolourisation is incomplete. 

(5) Wash with several changes of xylol and dry. 

(6) Counterstain with dilute carbol fuchsin for 10-25 sec. Wash with 
water and dry. 

Procedure for sections 

Weigert’s modification is specially recommended for the staining of 
sections. 

After removing the paraffin with xylol or benzol, treating with alcohol and 
washing with water, counterstain first with carmalum for 10 min. and then 
proceed as above. After (5) the sections will be cleared and can at once be 
mounted in Canada balsam or DPX. 


CLAUDIUS’S (1897) MODEFICATION OF GRAM’S METHOD 

(Counterstaining with picric acid) 

This method, which gives very pale, ^^transparent” counterstaining, is 
recommended for the demonstration of fiingi in tissue sections. 

(1) Stain with 1 per cent, aqueous methyl violet for 1-2 min. 

(2) Wash in water. 

(3) Flood slide with a half-saturated watery solution of picric acid (f.«. 0-6 
per cent.). Cover slide with fresh picric acid and allow to act for 1-2 min. 

(4) Remove excess picric acid solution with blotting paper. 

(5) Decolourise with chloroform (or, preferably, aniline containing 0-1 per 
cent, picric acid) until no more violet comes away in the decolouriser. 

(6) Rinse with xylol and mount in Canada bdsam. 


PRESTON AND MORRELL’S (1962) MODIFICATION OF 
GRAM’S METHOD 
(Decolourisation with iodine-acetone) 

This method is recommended as giving reliable results without the need 
h>r taking great care in adjusting the duration of decolourisation. 


Solutions requked 

( 1 ) 

Cevstid violet . * * * > 

Methylated i^rit (64 O.P.) . • 

AmiDn^itiii oxalate, 1 per cent in water . 


. 20g. 

4 200 ml 

. BOOmL 
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(2) Lugol’s iodine (see p. 649) 

Iodine .... 

Potassium iodide . 

Distilled water 

. 

. 10 g. 

. 20 g. 

. 1000 mL 

(3) Liquor iodi fortis (BP) 

Iodine .... 

Potassium iodide 

Methylated spirit (74 O.P.) . 
Distilled water 

. 

. 10 g. 

• 6g. 

. 90 ml. 

. 10 ml. 

(4) Iodine-acetone. 

Liquor iodi fortis 

Acetone .... 

: : :1 

. 35 ml. 

1 . 965 ml. 

(5) Dilute carbol fuchsin. 

Ziehl-Neelsen’s (strong) carbol fuchsin (p. 653) 
Distilled water 

\ . 50 ml. 

' . 950 ml. 


Procedure for films 

(1) Cover slide with ammonium oxalate-crystal violet and allow to act for 
about 30 sec. 

(2) Pour off and wash freely with Lugol’s iodine. Cover with fresh 
Lugol’s iodine and allow to act for about 30 sec. 

(3) Pour off LugoPs iodine and wash freely with iodine-acetone. Cover 
with fresh iodine-acetone and allow to act for about 30 sec. 

f4) Wash thoroughly with water. 

(5) Counterstain with dilute carbol fuchsin for about 30 sec. 

(6) Wash with water, blot and dry. 

It is essential that the whole slide is flooded with each reagent in turn, and 
that the previous reagent is thoroughly removed at each step. 


STAINING OF TUBERCLE AND OTHER ACID-FAST 

BACILU 

ZIEHL-NEELSEN METHOD 

This method is a modification of Ehrlich’s (1882) original method for the 
differential staining of acid-fast bacilli with aniline-gentian violet followed by 
strong nitric add. It incorporates improvements suggested, successively, by 
Ziehl and Neelsen, and is described in a footnote in a paper by Johne (1885). 

The ordinary aniline dye solutions do not readily penetrate the substance 
of the tubercle bacillus and arc therefore unsuitable for staining it. However, 
by the use of a powerful staining solution that contains phenol, and the 
application of beat, the dye can be made to penetrate the badllus. Once 
stained, the tuberde bacillus will withstand the action of powerful d^lo^r- 
ising agents for a considerable time and thus still retains the stain when 
evening else in the microscopic preparation has been decolourised. 

The stain used consists of basic fuchsin, with phenol added. The dye i3 
basic and its combination with a mineral add produces a compound that la 
yellowish brown in colour and is readily dissolved out of all structures exwp j 
add-fast bacteria. Any strong add can be used as a decolouristng agent, but 



ZIEHL-NBELSBN STAIN 6S3 

20 per cent, sulphuric add (by volume) is usually employed, Add«*ai€oli 0 l 
(p. 654) may also be used. 

In order to show structures and cells, including non*add-*fast bacteria, 
that have been decolourised, and to form a contrast with the rcd*stained 
bacilli, the preparation is counterstained with methylene blue or malachite 
green. 

Solutions required 

(1) Ziehl-Neelsen’s (strong) carbol fiichsin. 

Basic fuchsin . . .... lO’g. 

Absolute alcohol (ethanol) . . . . 100 ml. 

Solution of phenol (5 per cent, in water) . 1000 ml. 

Dissolve the dye in the alcohol and add to the phenol solution. 

An alternative and quicker preparation is as follows: 

Basic fuchsin (powder) . . . 5 g. 

Phenol (crystalline) . . .... 25 g. 

Alcohol (95 per cent, or absolute) . . . 50 ml. 

Distilled water .... ... 500 ml. 

Dissolve the fuchsin in the phenol by placing them in a one-litre flask over 
a boiling waterbath for about 5 min., shaking the contents from time to time. 
When there is complete solution add the alcohol and mix thoroughly. Then 
add the distilled water. Filter the mixture before use. 

(2) Sulphuric acid, 20 per cent, solution. 

Place 800 ml. water in a large flask. Add 200 ml. concentrated 
sulphuric acid (about 98 per cent.; about 1*835 g, per ml.). The acid 
should be poured slowly down the side of the flask into the water. The 
mixture vAH become hot. Finally, mix gently. 

Note, — ^The acid must be added to the water. It is dangerous to add 
the water to the add. Great care must be taken to avoid spilling the 
add on skin or clothing, or elsewhere. Especial care must be taken to 
avoid splashing or spurting into the eye. In event of such an aeddent 
occurrinfi; the eve should at once be washed with an excess of clean 
water. 

(3) Alcohol 95 per cent. 

Ethanol 95 ml. plus water to 100 ml. 

(4) Counterstain. 

Ldffler’s methylene blue (p. 645). 

Procedure for film. 

These are made, dried and fixed by flaming in the usual manner. 

(1) Cover the slide with filtered carbol fuchsin and heat until steam rises* 
Allow the preparation to stain for 5 min., heat being appUed at intervals to 
keep the stain hot The stain must not be allowed to evaporate md dry 
the slide; if necessary, pour on more carbol fuchsin to keep the whole slide 
covered with liquid. 

{Not*. — ^Thedidemsyhehee^mth 
I^cce of tiottcia wool on to the tip of an 
®*thylated spirit before lighting. When 
waingoirit twdt. After about li 


1 torch prepared by twistii^ a 

inoculating vnre and aoadnr^ it fo 
steam riaes from tiw elide, remove 

oin. re^huge the t(»d^ w^ afurtt 
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re^light it, and again heat the slide until the steam rises. Continue in this way 
for 5 min.) 

(2) Wash with water. 

(3) Cover the slide with 20 per cent, sulphuric acid. The red colour of the 
preparation is changed to yellowish brown. After about a minute in the add, 
wash the slide with water, and pour on more acid. Repeat this process several 
times. The object of the washing is to remove the compound of add with 
stain and allow fresh acid to gain access to the preparation. The decolourisa- 
tion is finished when, after washing, the film is only very faintly pink. 

Decolourisation generally requires contact with sulphuric acid for a total 
time of at least 10 min. . 

(4) Wash the slide well in water. 

(5) Treat with 95 per cent, alcohol for 2 min. This step is optional, and 

may be omitted; see below. \ 

(6) Wash with water. \ 

(7) Counterstain with Ldffler’s methylene blue or dilute malachite green 

for 15-20 sec. \ 

(8) Wash, blot, dry and mount. ^ 

Acid-fast bacilli stain bright red, while the tissue cells and other organisms 
are stained blue or green according to the counterstain used. If tissue cells 
appear red, the preparation has not been adequately decolourised with sul- 
phuric acid. 

Note . — The practice of using staining jars in the Ziehl-Neelsen method is 
to be condemned, as with a positive sputum, stained tubercle bacilli may 
become detached and float about in the staining fluid or decolourising agent. 
After a number of strongly positive films have been passed through the 
staining jars the number of free stained tubercle bacilli may be considerable. 
Negative material may, durin|; the staining process, pick up these bacilli and 
so appear positive when exanuned microscopically. These false positives can 
give rise to serious errors of diagnosis. Each slide, therefore, should be 
stained individually by pouring on the stain from a bottle, the washing done 
with a stream of tap water and the subsequent decolourising and staining fluids 
added to the film from bottles. When drying with blotting paper, a fresh 
clean piece of paper is used for each slide and then discarded. The practice of 
using a number of large sheets for drying a succession of slides is also con- 
demned as tubercle bacilli from a positive film may adhere to the blotting 
paper and subsequently be transferred to a negative film. 

Use of alcohol for secondary decolourisation . — After primary decolourisa- 
tion with sulphuric acid, the film may be treated with 95 per cent, alcohol as a 
secondary decolouriser (step 5, above). The basis of this practice is the fact 
that tubercle bacilli are alcohol-fast as well as acid-fast. One advantage of 
using alcohol is that decolourisation is completed more quickly and the 
margins and underside of the slide are more completely cleaned and freed 
from deposits of stain. 

Ano&er advantage of using alcohol when the staining is bein^ ^ne for 
identification of tubercle badlU, is that certain other acid*fast bami, which 
may be encountered in pathological specimens and may otherwise be confused 
with tubercle bacilli, are decolourised by alcohol. Thus, specimens of urine 
often contain the smep^ma bacillus, an add^fast bactUus that is a harmless 
commensal inhabitant m the region of the urethral orifice. Some, though not 
all strains of smegma badllus are decolourised with alcohol and the use of 
dcohol thus lessens, though it does not entirely remove the Ukdibood of 
ftidon arising in the diagnods of urinary tract tuberailodi, . 

Aadhedeohd m of emf^oytng 20 per cent sulphunc 
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add as a decolcmrising agent, 3 per cent, hydrochloric add in 95 per CMrt. 
alcohol (mdustnal methylated spirit) may be used (i.e. concentrated HCl, 3 
ml.* and 95 per cent, alcohol, 97 ml.). The necessity for subsequent treatment 
with alcohol, as in the original method, is obviated. Acid^alcohol is a more 
expensive reagent than sulphuric acid, but it is much less corrosive and more 
convenient to make up and employ, while its use definitely excludes organisms 
that are acid-fast but not alcohol-fast. 

Malachite ^een as counterstain, — Malachite green is also recommended as 
a counterstain in the Ziehl-Neelsen method. A stock solution of 1 per cent, in 
distilled water is made, and for use a small quantity is diluted with distilled 
>vater in a drop-bottle so that 15—20 seconds* application of the weak stain 
givw the background a pale green tint. Deep counterstaining must be 
avoided. The pale ^een background is pleasant for the eyes, and is required 
for the method in which a deep blue-green filter is used for the easy recognition 
of tubercle bacilli. 

Procedure for sections 

Sections are treated with xylol to remove paraffin, then with alcohol, and 
finally are washed in water. 

(1) Stain with Ziehl-Neelsen’s stain as described for films, but heat gently, 
otherwise the section may become detached from the slide. 

(2) Wash with water. 

(3) Decolourise with 20 per cent, sulphuric acid or acid-alcohol as for 
films. The process takes longer owing to the thickness of the section, and care 
must be exercised in washing to retain the section on the slide. 

(4) Wash well with water. 

(5) Counterstain with methylene blue or malachite green for min. 

(6) Wash with water. 

(7) Wipe the slide dry all round the section, blot with filter paper or 
fiuffless blotting paper, and treat with a few drops of absolute alcohol. Pour 
on more absolute alcohol, wipe the slide again and clear in xylol. 

(8) Mount in Canada balsam or DPX. 

Modification of Ziehl-Neeken method for staining of leprosy bacilli 

Leprosy bacilli are also acid-fast, but usually to a lesser degree than the 
tubercle bacillus. They are stained in films or sections in the same way as the 
tubercle bacillus, except that 5 per cent, sulphuric add is used for decolourisa- 
tion. 


STAINING OF DIPHTHERIA BACILLUS AND 
VOLUTIN-CONTAINING ORGANISMS 

The diphtheria bacillus gives its characteristic volutm-staining reacti<»ia 
best in a young culture (18-24 hr.) on a blood or serum medium. 


ALBERT’S METHOD 

, Layboum’a ( 1924 ) modiSca^n, in which mjdachite grom » 
for meUiyl gnteot ia given here instoMd of the otiginsl method, it ta re 
mend^ fiw touiaae uae. 


aubsrituted 
raeom- 
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Albert* s stain 

Toluidine blue 1*5 g. 

Malachite green . . . . , . . 2*0 g. 

Glacial acetic acid ....... 10 

Alcohol (95 per cent, ethanol) 20 ml. 

Distilled water 1000 ml. 

Dissolve the dyes in the alcohol and add to the water and acetic add. 
Allow to stand for one day and then filter. 


Albert* s iodine 


Iodine 

Potassium iodide ..... 
Distilled water 

Note . — The iodine solution used in Jensen^s moc 
method (p. 649) works equally well. 



ation of Gram’s 


Procedure 

(1) Make film, dry in air, and fix by heat. 

(2) Cover slide with Albert’s stain and allow to act for 3-5 min. 

(3) Wash in water and blot dry. 

(4) Cover slide with Albert’s iodine and allow to act for 1 min. 

(5) Wash and blot dry. 

By this method the granules stain bluish black, the protoplasm green and 
other organisms mostly light green. 


NEISSER’S METHOD (Modified) 

The following modification of Neisser’s method gives better results than 
the original: 

Neis$er*s methylene blue stain. 

Methylene blue 1 g. 

Ethyl alcohol (95 per cent.) 50 ml. 

Glacial acetic add 50 ml. 

Distilled water 1000 ml. 

Procedure 

(1) Stain with Neisser’s methylene blue for 3 min. 

(2) Wash off with dilute iodine solution (iodine solution of Kopeloff and 
Beerman’s modification of Gram’s method, p. 647, diluted 1 in 10 water) 
and leave some of this solution on the slide for 1 min. 

(3^ Wadi in water. 

(4) Counterstain with neutral red solution for 3 min., using the same 
solution as that employed in Jensen’s modification of Gram’s method (p. 649). 

g >) Wash in water and dry. 

y this method the badlli exhibit deep blue granules and the remainder of 
the organism assumes a pink colotu*. 


STAINING OF SPORES 

If spore^bearing organisiM are stained mfk ordinary dyes, or by 
stain, ^ body of the bacillus is deeply coloured, whcaeas die spore n 
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unstained and appears as a dear area in the organism. This is the way in 
which spores are most commonly observed. If desirei however, it is possible 
by vigorous staining procedures to introduce dye into the substance of Ae 
spore. When thus stained, Ac spore tends to retain Ae dye after treatment 
wiA decolourising agents, and in this respect behaves similarly to the tubercle 
bacillus (q.v.). 


ACID-FAST STAIN FOR SPORES 

Films, which must be thin, are made, dried and fixed in the usual manner 
with Ae minimum amount of heating. 

(1) Stain with Ziehl-Neelsen’s carbol fuchsin (p. 653) for 3-5 min., 
heating Ae preparation unA steam rises. 

(2) Wash in water. 

(3) Treat with i or per cent, sulphuric acid for one to several minutes, 
the period being determined by trkl for each culture. Alternatively, excel^t 
results are obtained by decolourising in a 2 per cent, solution of nitric acid in 
absolute eAyl alcohol; the slide is dipped once rapidly in the solution and 
immediately washed in water. 

(4) Wash with water. 

(5) Counterstain with 1 per cent, aqueous methylene blue for 3 min. 

(6) Wash in water, blot and dry. 

The spores are stained bright red and the protoplasm of the bacilli blue. 

It should be noted that the spores of some bacteria are decolourised more 
readily than those of others and that lipid inclusion granules may stain dark 
red, appearing like small spherical spores. 

Nigrosin method (see also p. 645). — ^As an alternative to counterstaining 
with methylene blue in Ae aid-fast staining meAod for spores, a drop of 10 
per cent, nigrosin solution may be spread thinly over the dried, decolourised 
film with the edge of anoAer slide. This provides a dark background which 
outlines Ae unstained bacillary bodies. 

MALACHITE GREEN STAIN FOR SPORES 


(Method of Schaeffer and Fulton, modified by Ashby (1938)) 


Films are dried and fixed wiA minimal flaming. 

(1) Place Ae slide over a beaker of boiling water, resting it on Ae rim wiA 
the bacterial film uppermost. 

(2) When, within several seconds, large droplets have condensed on the 
underside of the slide, flood it with a 5 per cent, aqueous solution of malachite 
green and leave to act for 1 min. while the water continues to boil. 

(3) Wash in cold water. , . • r 

. (4) Treat with 0-5 per cent, safranine or 0 05 per cent, basic fochsm for 

ho sec. ^ 


(5) Wash and dry. . , , 

This method colours the spores green and the vegetative baciUi red. 
I granules are unstained. 


Lqad 


STAINING OF CAPSULES 
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of the common stains such as basic fuchsin, polychrome methylene blue, 
Leishman’s stain (p« 664) and Gram’s stain (which colours them with the ted 
counterstain). Special capsule stains may be of little advantage in such cases. 
On the other hand, when artificial cultures of bacteria are being examined, the 
capsules normally are not coloured by ordinary staining methods and special 
methods must be employed for their demonstration, e.g. “negative” or “relief” 
staining. 

The best method for staining capsules on bacteria from cultures in either 
liquid or solid media is the wet-film India ink method. Dry-film negative 
staining methods using India ink, nigrosin or eosin are somewhat less reliable 
since occasionally shrinkage spaces give the appearance/ of capsules around 
bacteria that are non-capsulate and occasionally, espeaally in thick films, 
capsules may be shrunken or obscured to the point that they are rendered 
invisible. Dry film methods in which positive staining of capsules is attempted 
are the least reliable and are not recommended. The advantages and dis- 
advantages of all these different methods are discussed by Duguid (1951). 

Loose slime . — Many capsulate and some non-capsulau bacteria secrete 
extracellularly a viscid material, generally polysaccharide in composition. 
This may be seen in preparations made by some of the methods used for 
staining of capsules. The wet-film India ink method and the dry-film eosin 
method (see below) are recommended for this purpose. The slime appears as 
irregular masses of amorphous material lying between the bacteria and outside 
the capsules of capsulate ones. 


DEMONSTRATION OF CAPSULES IN WET INDIA INK FILMS 

If a permanent preparation is required for demonstration of bacterial 
capsules, it is necessary that a dry-fum method should be employed, as 
described above ; otherwise capsules are best observed in very thin wet films 
of India ink. This is the simplest, most informative and most generally 
applicable method of demonstrating capsules. The capsules do not become 
shrunken, since they are not dried or fixed, and they are clearly apparent even 
when very narrow. 

A microscope slide is carefully wiped free from grit particles. A loopful of 
India ink is placed on it. A small jportion of solid bactenal culture is emulsified 
in the drop of ink, or else a loopml of a liquid culture is mixed with the ink 
A clean coverslip is placed on the ink drra; it is pressed down firmly through 
a sheet of blotting paper so that the ink nlm becomes very thin and thus pale 
in colour. The film should be so thin that the bacterial cell with its capsule is 
‘‘gripped” between the slide and coverslip, neither being overlaid by ink nor 
being capable of moving about 

Some practice is required in making satisfactory films. A large loopfiil of 
ink should be used and a very small 8pe» of solid culture materi^. The latter 
is rubbed on the slide just b^ide the drop of ink before mixing it into the ink 

On microscopical examination with the oil-immersion objective the highly 
refractile outline of the bacterium is seen- Between this refractile surface- 
membrane and the dark baciwound of ink particles there is a clear space 
which represents the bacterial capsule ; the capsular zont may be from a 
fraction of a micron to several microns in width. Non-capsulated bactena do 
not show this clear zone ; the ink particles directly abut the refractile cell wai 
and, in conseauence, these bacteria are not easily seen. When solid bactenai 
culture is newly mix^ with the ink, sny loo^ sMm in H can be seen as 
strands and massea, lighter than the ink, vdtieh gradually dh^perse 6^ ^ 
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bftct^tui and dissolve in the ink. Loose slime is generally invisible if th e 
preparations are made from cultures in a liquid medium. 

iVb^s.— •Sometimes a bottle of India ink becomes contaminated with a 
cap^lated saprophytic bacterium. To avoid error from this cause, a film of 
the ink alone should be examined microscopically and proved to be free from 
capsulated bacteria. 

Use of phase-contrast microscope.— It is recommended that wet India ink 
films should be examined with a phase-contrast microscope. Since the bodies 
of the bacteria are not stained in such films their outlines arc only faintly visible 
under the ordinary^ microscope. With the phase-contrast microscope the 
bodies of the bacteria appear dark and are seen in clear contrast to the bright 
capsular zones surrounding them. 

DEMONSTRATION OF CAPSULES IN DRY INDIA INK FILMS 

(Method of Butt, Bonynge and Joyce (1936)) 

(1) Place a loopfiil of 6 per cent, glucose in water at one end of a slide. 
Add a small amount of bacterial culture to this and mix to form an even 
suspension. Add a loopfiil of India ink to the drop, and mix. 

(2) Spread the mixture over the slide in a thin film with the edge of a 
second glass slide. Dry thoroughly by waving in the air. 

f3) Fix the film by pouring over it some undiluted Lebhman stain or 
methyl alcohol. Drain off excess at once and dry thoroughly by warming over 
a flame. 

(4) Drop on methyl violet solution as used in Gram’s stain, and stain for 
one or two minutes. Wash in water. Blot and dry over a flame. 

(5) Examine directly with the oil-immersion objective. 


4 parts 


DEMONSTRATION OF CAPSULES BY RELIEF STAINING 
WITH EOSIN 

(Method of Howie and Kirkpatrick (1934)) 

Staining sobUion: 

10 per cent, water-soluble eosin, “yellowish” or “bluish”, or 

erythrosin in distilled water 

Serum (human, rabbit, sheep or ox, heated at 56® C. for 

thirty minutes) 1 

Crystal of thymol. 

Allow the mixture to stand at room temperature for several days. Centri- 
foge and store the supernatant fluid at room temperature; it vnll keep for 
several months. . . i- j / 

On a slide with a l-mm. diameter wire loop, mix one drop of exuMte (or 
fluid culture, or a suspension in broth from an agar slope culture) with om 
drop of Ziehi«*Neel8en*s carbol fuchsin stain diluted 1:5, and allow to ^ain 
for half a minute. Then add one drop of the eosin solution and leave tor mm 
1 min. Spread a film with cigarette paper or with the edge of another 
fo ipddng a blood film Allow to cry (do not heat), and ex am i ne with Ae 
oil-immerrimi objective. , . ... 

If iateitae edUmtion of the bacterium u 

wiA ^nte catbd fiichmn may be omit^ Fuma of 
^ <>rganigiiupnqp«i«dlqrt3uafl^^ 



660 MEDICAL MICROBIOLOGY 

ground with an unstained capsular area prominently shown, and the bodies of 
the organisms stained red of about the same intensity as the background or 
slightly darker. The capsules are thus seen by ‘‘relief staining’*. If free slime 
is present in the culture, it is often seen as a light granular or fibrous deposit 
distributed throughout the red background between the bacilli. 

DEMONSTRATION OF FLAGELLA 

Because of their extreme thinness, flagella are best demonstrated with the 
electron microscope; metal-shadowed films or films made with phosphotung- 
stic acid (PTA) for “negative staining” are emplc^ed. FlageUa can also be 
demonstrated by the light microscope, using specif staining methods which 
require most careful attention to details of technique. Tolrn^e possible their 
resolution, the flagella must be thickened at least ten-f«d by a superficial 
deposition of stain. In spite of this, their characteristia arrangement and 
wave form are generally distinguishable. \ 

STAINING OF FLAGELLA BY LEIFSON’S METHOD 

(Modification used at Microbiology Department, 

Lister Institute of Preventive Medicine) 

The stain, basic fuchsin writh tannic acid, is deposited on the bacteria and 
flagella from an evaporating alcoholic solution. The degree of staining is 
controlled by an exact determination of the duration of Exposure. Good 
results depend to a large extent on prehminary thorough cleamng and flaming 
of the glass shdes. 

(1) Clean the slides with absolute alcohol, rubbing with a fine cotton cloth 
Then immerse them in concentrated sulphuric acid saturated with potassium 
dichromate (p. 660) for several days at room temperature or for an hour at 
90° C. (In the latter case it is advisable to place the beaker of solution in a 
strong metal container with sand while heating.) During all subsequent stages 
until staining is complete^ take care not to finger the slides^ even at their edges, and 
do not let them touch surfaces not properly cleaned and grease-free. Using 
forceps, transfer the slides to cleaned Coplin jars in which fliey wUl be kept for 
rinsing, drying and storing; do not overcrowd. Rinse thoroughly with tap 
water and finaUy with distilled water. Allow to drain and dry in air with the 
jar inverted on clean blotting-paper. Store with the jar closed to prevent 
contamination by air-bome dust. Just before use, flame the slide for a few 
seconds, passing it with each face downwards about six times through a blue 
Bunsen f^e. Place on a dean warmed metal rack and allow to cool Mark 
or number the slide with a diamond while holding with forceps. 

(2) Fix the broth culture, or saline suspension of an a»r culture, by adding 
fom^n to give a final formaldehyde concentration of 1-2 per cent (w/v). 
Sediment the bacilli by centrifuging at 2000-3000 r.p.m., preferably m a 
horizontal centrifuge. Decant the supernatant liquid and gently resuspend 
the bacilli in distilled water by rotating the tube alternately in opposite 
directions, rolling it between the palms of the hand. Centrifii^ again and 
gently resuspend in fresh distilled water so as to obtain a find suspension 
which is only slightly ebudy (e.g. equal to Brown’s cmad^ standard no* I 

p. 871). With a flamed platinum loop, place a large loopnil of the suspension 
on the prepared slide and gentiy spread over an area 1-2 cm. in 
AJbw m dry in air at room tempi^atureor in an incubetor at 37^ C 
fix 
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(3) The Stain is prepared as follovra: 

Tannic add 

Sodium chloride 

Bade fuchsin 

Thoroughly mix the^ powdered ingredients in these proportions and store dry 
in a stoppered container. Prepare the solution by adding 1 '9 g. of the powder 
mixture to 33 ml. of 95 per cent, ethyl alcohol and, when mostly (Ussolved (e.g. 
in ten minutes), adding distilled water to make a final volume of 100 ml. 
Adjust the pH to 5-0 (at least within 0-2) by addition of NaOH or HCl, a 

pH meter (p. 848). Store the solution in a stoppered bottle in the refrigerator 
at 3°-5® C., where it may remain stable for several weeks. 

Alternatively, prepare three stock solutions: (1) tannic acid, 3-0 per cent, 
(w/v) in water with 0-2 per cent (w/v) phenol as preservative; (2) soditim 
chloride, 1-5 per cent, (w/v) in water; and (3) basic fuchsin, 1-2 per cent, (w/v) 
in 95 per cent, ethyl alcohol. (The basic fuchsin must have a pH of 5-0; it 
may be compounded thus by tnudng one part of pararosaniline hydrochloride 
with three parts of pararosadline acetate. Allow several hours for solution in 
the alcohol.) Mix the three solutions in exactly equal proportions to prepare 
the stain. 

(4) Place the prepared slide horizontally on a carefully levelled staining 
rack. Pipette exactly 1 ml. stain on to the slide so that it covers the whole 
surface. Leave at room temperature for exactly the required time, using a 
stop watch. Several similar preparations should be stained for different times, 
e.g. for 6, 8, 10 and 12 min., so that the best may be chosen. The optimal 
duration of staining will vary with the batch of stain, the room temperature 
and other factors; the apparent thickness of the flagella increases with the 
duration of staining. Rinse off the stain gently by placing the slide under a 
slowly running water tap; do not pour off stain before rinsing. Counterstain 
with methylene blue, e.g. with borax methylene blue (p. 645) for 30 min. to 
colour the bacterial protoplast Wash with water, rinse with distilled water, 
drain, dry in air and examine by oil-immerrion. 
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10 g. 
4 *- 

Ab- 


staining OF INTRACELLULAR UPID 
wrra SUDAN BLACK 
BURIKIN’S (1946) METHOD 


Sudan black stain: 

Sudan black B powder 9^8- , 

70 per cent ethyl alcohol 100 mL 

Shake thoroughly at intervals and stand overnight before use. Keep in a 
well-stoppered bottle. 


Procedure 

(1) Make a film, dry in air and fix by flaming. . ' 

(2) Cover the entire slide with Sudan bladk stam and leave at room 

temperature for 15 min. , . 

(3) Drain off excess stain, blot, and dty _m ur. 

(4) Rinae thoiougUy with xylol md a^ blot dry. 

(5) Counterstain li^^tly by covenng with 0-5 per 

or dflute caihol fmdisin (pf 645) for 5-10 sec.; rinse with tap water. Wot and 
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Lipid inclusion granules are stained blue«black or blue-^grey, while the 
bacterial cytoplasm is stained light pink. 

STAINING OF CELL POLYSACCHARIDES BY THE 
PERIODIC ACm SCmFF (PAS) METHOD 
HOTCHKISS, 1948 

The polysaccharide constituents of bacteria and fungi are oxidised by 
periodate to form polyaldehydes which yield red-coloured compounds with 
Schiff’s fuchsin-sulphite; the proteins and nucleic acids remain uncoloured. 
The method may be used to reveal fungal elements in (sections of infected 
animal tissue; the fungi stain red, while the tissue material, except glycogen 
and mucin, fail to take the stain. 

Periodate Solution. — Dissolve 0-8 g. periodic acid in 26 ml. distilled water ; 
add 10 ml. of 0*2 M sodium acetate and 70 ml. ethyl alcohol. The solution 
may be used for several days if protected from undue exposure to light. 

Reducing Rinse. — Dissolve 10 g. potassium iodide and 10 g. sodium thio- 
sulphate pentahydrate in 200 ml. distilled water. Add, with stirring, 300 ml. 
ethyl alcohol, and then 5 ml. of 2 AT hydrochloric acid. The sulphur which 
slowly precipitates may be allowed to settle out. 

Fuchsin^Sulphite Solution. — Dissolve 2 g. basic fuchsin in 400 ml. boiling 
water, cool to 50® C. and filter. To the filtrate add 10 ml. of 2 iV hydrochloric 
acid and 4 g« potassium metabisulphite. Stopper and leave in a dark cool 
place overnight. Add 1 g. decolourising charcoal, mix and filter promptly. 
Add up to 10 ml. or more 2 N hydrochloric acid until the mixture when drying 
in a thin film on glass does not become pink. Preserved in the dark and well 
stoppered, the stain remains effective for several weeks. 

Sulphite Wash. — ^Add 2 g. potassium metabisulphite and 5 ml. concentrated 
hydrochloric acid to 500 ml. cUstilled water. This should be freshly prepared. 

Procedure 

(1) Dry films in air and fix by flaming. For sections, fix tissue with usual 
fixatives; bring to 70 per cent, ethyl alcohol and wash thoroughly with this. 

(2) Treat with penodate solution for 5 min. at room temperature. Rinse 
with 70 per cent, alcohol. 

(3) Treat with reducing rinse for 5 min. Rinse with 70 per cent, alcohol. 

(4) Stain with fuchsin-sulphite for 15-45 min. 

(5) Wash twice or thrice with sulphite wash solution. Wash with water. 

(6) Counterstain, if desired, with dilute aqueous malachite green {e.g. 
0*002 g. per 100 ml.). 

a Wash with water. Dehydrate and mount by the usual methods. 

ntrol sections are prepar^ similarly, omitting step (2). 

Unless earily soluble polysaccharides such as glycogen are to be demon- 
strated, rile me^od may be simplified by substituting distilled water for the 
alcohol in the periodate solution and by substituting tap water for rinsing in 
steps (l)-(3), e.g. sec below. 

MODIFIED PAS STAIN FOR FUNGI IN 
TISSUE SECTIONS 
(1) Bring secrions to distilled water. 

(2) Treat for 5 min. with a freshly prepared 1 per cent idtution of 
permm add in water. 



STAINING OF NUCLEI ^3 

2! S"** rinse in distilled water. 

(4) Stain with fuchsin-sulphite for IS min. 

(5) Wash ^ce with sulphite wash solution for 5 min. 

Wash m mnmng tap water for 5 min. and rinse in distilled water. 

(7) Countmtam with dilute aqueous malachite green or with 0*1 per cent 
hght green m 90 per cent, alcohol for 1 min. 

(8) Dehydrate rapidly in absolute alcohol, clear in bensol and mount in 
Canada balsam. 


IMPRESSION PREPARATIONS 
KLIENEBERGER, 1934; BISSET, 1938 

These have been used in the morphological study of the pleuropneumonia 
group of organisms and of “rough** and “smooth** colonies of various bacteria. 

The essential part of the technique is to remove a small slab about 2 nun. 
thick of the solid medium {e.g* serum-agar) on which the organism is growing 
and place it colony downwards on a coverslip. The whole is immersed in 
fixative, so that the fixing fluid penetrates through the agar to reach the 
colony. When the bacteria are fixed, the agar is removed carefully from the 
coverslip which is well washed for two hours in distilled water, suitably 
stained and mounted. As fixative Bouin*s fluid (p, 676) may be used, or 
Flemming’s solution (p. 677). For staining, methylene blue or dilute ca^ol 
fuchsin may be employed, but Giemsa’s stain, applied by the slow method 
(p. 667), is the most satisfactory for the pleuropneumonia organism. The 
agar slabs, after fixation, may also be embedded, and vertical sections of the 
colony cut with a microtome. 

DEMONSTRATION OF NUCLEAR MATERIAL 
IN BACTERIA 

ROBINOW’S (1944, 1949) METHOD 

The nuclear bodies of bacteria can be differentiated from the cytojilasm if 
the cells are first treated with 1 N HCl at 60® C. and then stained with Giemsa’s 
solution* 

Method 

Fixation 

Cut a small square from an agar plate on which the organisms are growing 
in a thin layer and place it in a deep dish (well sealed with a greased glass plate) 
in which 5 mJ. of 2 per cent osmium tetroxide, wetting three layers of i^ass 
balls, produces a strong concentration of osmic vapour. Expose the agar for 
2-3 min. in the vapour. 

Place the square face downwards on a dean coverslip, remove the agar, dry 
the film of fixed bacteria deposited on the coverslip and fix in warm alcohot* 
niercuric«^chloride (Schaudinn’s fluid, p. 676) for 5 min. Wash in water and 
store in 70 per cent dcohol. 

(iVbte.— If osmium tetroxide is not available, a simpler method of fixation 
to immerse the agar square, bacteria-^catiying side uppermost, in a shallow 
layer of metfayl alcohol for 5 min. Tht agar block is dr&ed m air before 
pressing on a imde or coverslip for transfer of die bact^ia. Secondary fixadoiK 
m S<^udinn^ fluid may be ^tted.) 
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Staining 

Transfer films from 70 per cent, alcohol tx> 1 JV HCl at 60® C, for 10 min. 
to “hydroly8e*\ Rinse in tap water and twice in distilled water and float on a 
staining solution made with 2-3 drops of Gicmsa stain (G. T. Gurr’s R66 
Giemsa stain) per ml. of phosphate buffer (p. 666). Stain for 30 min. at 37® C., 
rinse and mount in water, and examine at once. This method shows the 
chromatic structures quite clearly. 

If sealed with wax, water mounted preparations will keep their colour 
contrast for a few days. 

Fetdgen staining of deoxyribonucleic acid in the nuclear bodies may 
be effected by staining with Schiff s fuchsin-sulphite (b. 662) for 1 hr. at 
15-20® C. instead of staining with the Giemsa stain in me above method. 

To demonstrate the ceU wall, make impression preparations fixed in 
Bouin’s fluid, as described on p. 663. Mordant for 20-301 min. with 5-10 per 
cent, tannic acid and stain with 0-02 per cent, crystal violet in water for about 
1 min. Mount in water. 


THE ROMANOWSKY STAINS 

The original Romanowsky stain was made by dissolving in methyl alcohol 
the compound formed by the interaction of watery solutions of eosin and zinc- 
free methylene blue. The original stain has now been replaced by various 
modifications which are easier to use and give better results; these are; 
Leishman’s, Wright’s, Jenner’s and Giemsa’s stains. The peculiar property 
of the Romanowsky stains is that they impart a reddish-purple colour to the 
chromatin of malaria and other parasites. This colour is due to a substance 
which forms when methylene blue is “ripened”, either by age, as in poly- 
chrome methylene blue, or by heating with sodium carbonate. The latter 
method is employed in the manufacture of Leishman’s and Wright’s stains. 
The ripened methylene blue is mixed with a solution of water-soluble eosin, 
when sC^precipitate, due to the combination of these dyes, is formed. The 
precipitate is^^washed \\ith distilled water, dried and dissolved in pure methyl 
alcohol. (The methyl alcohol, i.e. methanol, must be “pure, for analysis”, and 
have a pH of 6*5. If too acid, the reaction must be adjusted by the addition of 
0*01 N NaOH.) Each modification of the Romanowsky stain varies according 
to the “ripening” and the relative proportions of methylene blue and eosin. 

According to the nature of the microscopic preparation, different stains are 
employed. Thus, for the cytological examination of blood, Jenner’s stain may 
be used, but Leishman’s stain is now generally employed ; for the malaria 
pari»ite and trypanosomes, Leishman’s and Wright’s modifications give the 
best results, while the pathogenic spirochaetes (particularly the Treponema 
palHdmn of syphilis) and certain protozoa can be demonstrated best by 
Giemsa’s stain. Wright’s stain, which should be purchased ready for use, is 
applied in the same way as Leishman’s. 

The Romanowsky stains are usually diluted for staining purposes with 
distilled water, when a precipitate is formed which is removed by subsequent 
washing. 

LEISHMAN^ STAIN 

Hiia stain mav be purchased ready for use or made by dissolvii^lMS g* pf 
LeMbman’spowderinlOOml. puiemethylakohol. 'Hietmwtler is ground m 
a mortar with a little methyl alcohol (“pure for analysia”, pH 6*5), foe residue or 
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undiasolved stain aUowed to settle and the fluid decanted into a bottle. The 
residue in the mortar is Rested with more methyl alcohol, and the process is 
repeated until all the stain gow into solution. The remainder of the meAyl 
alcohol is now added. The stain can be used within an hour or two of makir^* 


Films 

Dry unfixed films are used. The stain is first used undiluted, and the 
methyl alcohol fixes the film. The stain is then diluted with distilhKl water, 
and the staining proj^ carried out. 

(1) Pour the undiluted stain on the unfixed film and allow it to act for 
1 min. 

(2) By means of a pipette and rubber teat add double the volume of 
distilled water to the slide, mixing the fluids by alternately sucking them up in 
the pipette and expelling them. Allow the diluted stain to act for 12 min. 

(3) Flood the slide gently with distilled water, allowing the preparation to 
differentiate in the distilled water until the film appears bright pink in colour 
— ^usually about 30 sec. 

(4) Remove the excess of water with blotting paper and dry in the air. 

It is important that the reaction of the distilled water be neither acid nor 

alkaline. Any slight variations from neutrality may alter considerably the 
colour of granules in white blood corpuscles, etc., and give rise to supposed 
“pathological” appearances in cells which are really normal, A simple 
method of ensuring a suitable reaction of the distilled water is to keep large 
bottles of it— aspirator bottles— specially for these stains. Add 2 or 3 
drops of 1 per cent, aqueous neutral red solution. The usual reaction of 
distilled water is slightly acid, and a few drops of 1 per cent, sodium carbonate 
solution should be added until the solution shows the faintest possible sugges- 
tion of pink colour. ^ ^ ^ a c 

Much trouble will be eliminated if a buffer solution is used instead or 
distilled water for diluting the st^n and washing the slide. It is made as 
follows: 


Na 2 HP 04 (anhydrous). 

KHsPOa 


5-447 g. 
4-752 g. 


Mix together in a mortar and keep as such. The buffer mixture is quite 

*^*Add 1 g. of bufiFer mixture to 2 Utres of distiUed water and this gives a pH 

of 7-0, which is suitable for most work. ^ „ 

SoM smples of stain may require a shghtly more aad solution, of pH 6 8. 

For this mix 


4- 539 g. 

5- 940 g. 


NatHPO, (anhydrous) 

KHJ ?04 

Add 1 g. of the mixture to 2 litres of distilled water. 

Note.— When staining is excessively bl^, as m rfd fil^ go 

tiation is dbtain^ by brief wash^ with 1 p» 4ith*the m ti^»*»****» 

Shute (1950) that fifteen seconds* fixation with themd^w 

stain is suffioent and that only four drops ar e 

rocked for 12-15 sec. and then eight to t^ve 
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Giemsa’s stain following Leishman’s stain has been reconunended by 
Dinscombe (1945). 

Fix thin blood film with Leishman’s stain for 15-60 sec. Dilute with twice 
the volume of buffer solution at pH 7*0 and stain for 15 min. 

Wash off with dilute Giemsa’s stain {e.g. G. T. Gurr's R66) — 1 drop of 
stain to 1 ml. buffer solution at pH 7*0— ^nd stain with this for a further 30 
min. 

Wash with buffer solution. 

Blot and dry. 

Sections , 

(1) Treat the section with xylol to remove the paraffin then with alcohol 

and finally distilled water. \ 

(2) Drain off the excess of water and stain for 5-10 mm. with a mixture of 
1 part Leishman’s stain and 2 parts of distilled water or ^ffer solution. 

(3) Wash with distilled water. \ 

(4) Differentiate with a weak solution of acetic acid (1 ^1500), controlling 
the differentiation under the low power of the microscope until the protoplasm 
of the cells is pink and only the nuclei are blue. 

(5) Wash with distilled water or buffer solution. 

(6) Blot, dehydrate with a few drops of absolute alcohol, clear in xylol and 
mount in Canada balsam or preferably DPX mounting medium (p. 644). 

Note . — If the eosin tint is too pronounced, it can be lightened by the use of 
very dilute caustic soda solution (1 : 7000) which is washed off whenever the 
desired colour has been obtained. 


GBEMSA’S STAIN 

This consists of a number of compounds made by mixing different propor- 
tions of methylene blue and eosin. These have been designated Azur I, Azur 
II and Azur Il-eosin. The preparation can be purchased made up, but 
batches may vary considerably. 

We can recommend the following method of preparation devised by Lillie 
(1943), which gives consistent and reliable results. It is excellent for staining 
blood films for malaria parasites, and also mouse or rat blood for trypano- 
somes. 

(1) Azure B Eosinate , — Dissolve 10 g. methylene blue in 600 ml. distilled 
water. Add 6*0 ml. concentrated sulphuric add. Bring to the boU and add 
2*5 g. potassium bichromate dissolved in 25 ml. distilled water. Boil for 20 
min. Cool to 10® C. or lower (placj^in refrigerator overnight). When cold 
add 21 g. dry sodium bicarbonate slowly with frequent shalung. Then add a 
5 per cent, solution of eosin (yellowish) and shake constantly until the margin 
of the fluid appears pale blue or bluish-pink. About 205 ml. will be required, 
and ISO xnL of this can be added at once. Filter immediately, preferably on a 
vacuum funnel with hard paper. When the fluid has been drawn through and 
the surface begins to crack, add 50 ml. distilled water. Allow to drain, and 
wash again with a second 50 ml. distilled water. Now wash with 40 ml. 
alcohol (95 per cent.) and repeat with a second 40 ml. alcohol Dry the 
precipitate at room temperature or 37® C. (not higher). This constitutes 
Azure B eosinate. 

(2) Azure A Eosinate . — ^Proceed exactly as above, but use 5*0 g. po tassium 
bici^omate (in place of 2*5 g.) and dissolve it in 50 ml distilled water. 

(3) Blue Eosmate . — Dissolve 10 g. methylene blue in 600 ml« 
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cold distilled water and precipitate as before with 5 per cent eosin solatkm, 
filtering and drying as above. 

To make the finished stain, grind the three eosinates separately into fine 
powder in separate clean mortars. Then weigh out 500 mg. azure B eosinate, 
100 mg. azure A eosinate, 400 mg. methylene blue eosinate, and 200 mg. finely 
ground methylene blue. Decant the mixed powder on to tlw surface of 200 
ml. solvent, ^owin^ it to settle in gradually. Then sluke frequently for two 
or three days, keeping the bottle between 50° and 60° C. between shakings. 
The solvent consists of equal volumes of methyl alcohol (A.R.) and glycerol 
(A.R.). The proportion of stains i^ven above should yield a satisfactory 
staining picture. The diluting fluid is buffer solution pH 7-0 (p, 665). 

This stain may be used in a manner somewhat similar to Leislunan’s 
preparation (the “rapid method*’), or prolonged staining may be carried out, 
as, for example, in staining spirochaetes (the “slow method”). In both cases 
the preparation must be fixed prior to staining, either with methyl alcohol 
(memanol) for 3 min., or with absolute alcohol (edianol) for 15 min. 

Rapid Method 

(1) Fix films in methyl alcohol for 3 min. 

(2) Stain in a mixture of 1 part stain and 10 parts buffer solution pH 7*0 
for 1 hr. 

(3) Wash with buffer solution, allowing the preparation to differentiate for 
about 30 sec. 

(4) Blot and allow to dry in the air. 

This method of staining gives excellent results with thin blood films for 
malaria parasites, Shiiffner’s dots being well defined. Trypanosomes are also 
well demonstrated. 

A rapid method mth the application of heat is useful for demonstrating 
spirochaetes. 

Fix preparations with absolute alcohol (15 min.) or by drawing three times 
through a flame. Prepare a fresh solution of 10 drops of Giemsa’s solution 
with 10 ml. of buffer solution of pH 7*0 (p. 665), shue gently and cover the 
fixed film with the diluted stain. Warm till steam rises, allow to cool for 15 
sec., then pour off and replace with fresh stain and heat again. Repeat the 
procedure four or five times, wash in distilled water, dry and mount. 

Slow Method 

This is a spedally valuable method for demonstrating objects difficult to 
stain in the ordinary way, e.g. certain pathogenic spirochaetes. The principle 
is to allow the diluted stain to act for a considerable period. As the mixture of 
stain and water causes a fine precipitate, care has to be taken that this does not 
deposit on the film. 

Slides.— The film is fixed in methyl alcohol for 3 min. A mixture is nude 
in a Petti ffish in the proportion of 1 ml. of stain to 20 ml. of buffer stdu^n, 
pH 7*0. A piece of tbin glass rod is placed in the Petri dish, and the slides, 
^fter fixing, are laid film downwards in the fluid with one end of the ^de 
restii^ on the gl«— rod so that there is sufficient staiiung fluid betw^ the 
film and the bottom of the dish. After staining for 16-24 to.* the slides m 
washed in a etteam of buffer solution, allowed to dry in air and aunutfed. 
There should be no deposit of precipitated stain on the prepsrstioh. ^ 

•ddhdb’t Medi>h»i6^.---This method has been utilised for staiiaag tile 
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flagella of Spinttum minus (p. 270) and can alao be applied in the staining of 
delicate spirochaetes. Fix the preparation for 30-60 sec, with osmic acid 
vapour over the following solution: osmic acid 1 g», distilled water 100 ml., 10 
drops of 5 per cent, mercuric chloride ; and then stain overnight in dilute 
Giemsa’s solution (vide supra) to each 10 ml. of which 0*6 ml. of 1 per cent, 
potassium carbonate has been added. 


FIELD’S (1941) RAPID METHOD OF STAINING THICK BLOOD 
FILMS FOR MALARU PARASITES 


This method can be recommended for routine use. | 

In preparing the blood films it is important to ensure tMt they are not too 
thick. Drying may be assisted by placing the film in the incubator. After the 
film is quite diy it may be passed very rapidly two or thr^ times through a 
Bunsen or spirit flame, each passage occupying two to threl^ seconds. When 
cool the film is ready for staimng. ‘ 


Field’s Stain 


(Obtainable also in tablet form) 

Solution A (methylene blue) : 

Methylene blue . . 1*3 g. 

NagHPOi (anhydrous) 5*0 g. 

(If NaaHP 04 , 12 H,0, is used, 126 g.) 

Dissolve in 50 ml. distilled water, bring to the boil and evaporate almost to 
dryness in a waterbath, then add KHgPO^ (anhydrous) 6*25 g. Add 500 ml. 
of freshly boiled and still warm distilled water, stir until the stain is completely 
dis^lved and set aside for 24 hr. Filter before use. If a scum forms during 
use, filter again. 

Alternatively, if Azur I is available there is no need to carry out the poly- 
chroming of the methylene blue as outlined above, and Solution A can be 
made as follows: 


Methylene blue . 

0*8 g. 

Azur I . . • . 

0-5 g. 

Na,HP 04 (anhydrous) . 

(Na*HP 04 , 12 H,0, 12-6 g.) 

50 g. 

KH.P 04 (anhydrous) . 

6-25 g. 

(KH.PO 4 , 2 H,0, 8 0 g.) 

Distilled water . 

500 ml 


The phosphate salts are first dissolved in freshly boiled and still warm 
water and the stain is then added. Set aside for 24 hr. and filter 
before use. 


SobtHm B (eosin): 
Borin 


NatHPO. (anhydrous) . 

(Na,HP04, 12 H,0, 12-6 g.) 
KH ^4 (anhydrous) . 

(KH,P04,2H,0, 8-0 g.) 


IMstilied water 


6-25 g. 
500 idL 
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The phosphate salts are first dissolved in freshly boiled ifcttd still warm 
distilled water, then the stain is added* Set aside for 24 hr* and iBlter before 
use. 

The stains are kept in covered jars, the level being maintained by the 
addition of fresh stain as necessary. The same solution may be used con*^ 
tinuously for many weeks without apparent deterioration, but the eosin 
solution should be renewed when it becomes greenish from the slight carry- 
over of methylene blue {vUe infra). If solutions show a growth of bacteria or 
moulds they should be discarded and replaced from stock solutions which, if 
stored carefully, will remain satisfactory up to a 3 rear. 


Method of Staining 

(1) Dip the slide into the Solution A for 1~2 sec. only. 

(2) Remove slide and immediately rinse gently in a jar of clean distilled or 
tap water until the stain ceases to flow from the fflm and the glass of the slide 
is free from stain. 

(3) Dip the slide into Solution B for 1-2 sec. only. 

(4) Rinse gently for 2-3 sec. in clean water. 

(5) Place vertically against a rack to drain and dry. 

The relative times may require slight adjustment to suit different batches 
of stain. 

Films up to 3 wk. old may benefit from immersion in phosphate buffer 
solution (as used for dissolving the stains) until haemoglobin begins to diffuse 
out. The film is stained in the ordinary way. Unduly thick films should be 
similarly immersed before staining to remove the greater part of the haemo- 
globin. The phosphate buffer solution may be used in place of water for 
rinsing between Solutions A and B. 

Another method of staining thick blood films for malaria parasites is that 
of Simeons (1942). 


STAINING OF SPIROCHAETES 

FONTANA’S METHOD FOR FILMS 


Sobuions required: 

(a) Fixative: 

Acetic add 

1 ml. 

Fonnaiin 

2 ml. 

DiatiUed water 

. 100 mL 

(6) Mordant: 

Phenol 

. 1 g. 

Tannic add 

• 

Distilled water 

. 100 ml 

(c) Ammomated tUver nitrate: 



Add 10 per cent, ammonia to 0*5 {^r cent, solution of silver nitrste 
in diswed water until ^e precipitate fonned just dissolves. ^ How 
add more silver nitrate solution drop by drop until the pieeipitstie 
returns and does not redissedve. 
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(1) Treat the film three times, 30 sec. each time, with the fixative, 

(2) Wash off the fixative with absolute alcohol and allow the alcohol to act 
for 3 min. 

(3) Drain off the excess of alcohol and carefully bum off the remainder 
until the film is dry. 

(4) Pour on the mordant, heating till steam rises, and allow it to act for 
30 sec. 

(5) Wash well in distilled water and again dry the slide. 

(6) Treat with ammoniated silver nitrate, heating till steam rises, for 30 
sec., when the film becomes brown in colour. 

(7) Wash well in distilled water, dry and mount in ada balsam. 

It is essential that the specimen be mounted in balsar under a coverslip 
before examination, as some immersion oils cause the filxi i to fade at once. 

The spirochaetes are stained brownish-black on a brov lish-yellow back- 
ground. 


BECKER’S METHOD (MODIFIED} 

The fixative and mordant are as in Fontana’s method. 

Staining solution: 

Basic fuchsin (saturated alcoholic solution) . .45 ml. 

Shunk’s mordant B (95 or 100 per cent, ethanol 16 ml. and 
aniline oil 4 ml.) ..... 18 ml. 

Distilled water ... ... 100 ml. 

Mix the Shunk’s mordant with the alcoholic fuchsm and then add the 
distilled water. (The glassware should be dry.) 

Procedure 

(1) Filter stain and reagents into jars for use. 

(2) Make film and dry in air. 

(3) Place in fixative for 1-3 min. 

(4) Wash in water for c. 30 sec. 

(5) Treat with mordant for 3-5 min. 

(6) Wash in water for c, 30 sec. 

(7) Place in staining solution for 3-5 min. 

(8) Wash well in water and drain dry. 


LEVADm’S METHOD OFKTAINING SPIROCHAETES 
IN TISSUES 

Pyridiae Modificatioa 

This method is more rapid than the original technique. 

(1) Fix the tissue, which must be in small pieces 1 mm. thick, in 10 per 
cent formalin for 24 hr. 

(2) Wash the tissue for 1 hr. in water and thereafter place it in 96-*98 per 
cent alcohol for 24 hr. 

(3) Place the tissue in a 1 per cent solution of silver nitrate (to which 
one-tenth of the vohune of pure pyridine has been added) for 2 hc..j|t room 
temperature, and thereafter at about 50^ C« for 4-6 hr. It is then rapidly 
washed in 10 pmr cent pyridine scdution. 
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(4) Transfer to the reducing fluid, which consists of: 

Formalin 4 per cent. ..... 100 parts 

to which are added immediately before use: 

Acetone (pure) 10 parts 

Pyridine (pure) IS parts 

Keep the tissue in this fluid for two days at room temperature in the dark. 

(5) After washing well with water, dehydrate the tissue with increasing 
strengths of alcohol and embed in paraffin (p. 677). Thin sections are cut and 
mounted in the usual way. After removing the paraflin with xylol the sections 
are immediately mounted in Canada balsam. 


STAINING OF AMOEBAE AND OTHER 
INTESTINAL PROTOZOA IN FAECES 
Iron haematozylin stain 

Fix wet smears in Schaudinn’s fluid (p. 676) for 5 min. or longer. 

Wash the Aims in 50 per cent, alcohol and apply Gram’s iodine for 2 min. 
to remove the mercury stdt, remove the iodine with alcohol and wash the films 
in water. 

Stain with iron haematoxylin for 10-20 min. 


Iron Hamatoxylin: , ^ 

{a) Haematoxylin 1 g. 

Absolute alcohol 100 ml. 

(6) Liquor ferri perchlor. 30 per cent 4 mL 

Concentrated hydrochloric acid . . . . 1 mb 

Distilled water 100 ml. 


Mix equal parts of {a) and (6) immediately before using. 

After staining, wash films in water, pass through alcohol, clear with xylol 
and mount in balsam, as in the treatment of tissue sections. 

Preparations may be counterstained with van Gieson’s stain for 15-30 sec. 

Saturated aqueous solution of acid fuchsin . .1-3 parts 

Saturated aqueous solution of picric add . . 100 parts 

Dehydrate rapidly with absolute alcohol, clear in xylol and mount in 
balsam. Fixed wet preparations must be treated in the same manner as 
sections and never be allowed to become dry. 


DobeU's (1942) Method 

Fix films as above, and after washing in distilled water, mordant for 10 
Qun. in 2 per cent, watery solution of ammonium molybdate. 

Wash m distilled water and stain for 10 min. vnth 0*2 per cent haems- 
toxylin solution in water (the haematoxylin should be firesh, not ‘^ri{)ensd'’^). 

Wash in distilled water and traiwfer to tap water for dxwt 30 i'.«. 

until the film assumes a bhie colour. Dehydrate ttithalGolKd,deann^a^ 
and mount in balsam. 
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STAINING OF FUNGI IN WET MOUNTS WITH 
LACTOPHENOL BLUE 


Staining solution: 

Phenol crystals . 

Lactic acid 

Glycerol • . . . 

Distilled water • 

Cotton blue (or methyl blue) 


Dissolve the phenol crystals in the liquids by gentle 
the dye. 


20 g. 

20 ml. 
40 ml. 
20 ml. 



. 0-075 g. 
and then add 


**Ne6dle-moimt” Method 

(1) Place a drop of the stain on a slide and in this gentlyWase a fragment 

of the culture with needles. ' 

(2) Apply a coverslip with little pressure, as far as possible eliminating 
bubbles. With blotting-paper remove the excess stain exuding at the edges of 
the coverslip. 

(3) After several hours or a day, seal the edges with cellulose lacquer to 
make a permanent preparation. {Note . — Some staining occurs rapidly, but 
the preparation improves on standing for several hours.) 

Staining of slide culture preparations. Slides or coverslips bearing fungus 
grown in situ by the slide culture method are mounted undisturbed with a 
drop of lactophenol blue. 

It is an advantage to treat needle-mount and slide culture preparations 
with 95 per cent alcohol before applying the lactophenol blue stain; the stain 
is added while the preparation is still moist with alcohol. This procedure 
helps to obviate the trapping of bubbles of air in the specimen. 


STAINING OF VIRUS INCLUSION AND 
ELEMENTARY BODIES, AND RIOiXTTSIAE 
INCLUSION BODIES 

For intranuclear and C 3 rtoplasmic inclusions Giemsa’s stain, p. 666, is 
satisfactory when such forms are of a basophilic nature as in psittacosis. For 
acidophilic inclusion bodies other stains give more satisfactory results. 

Mann’s Methyl-Blue Eosin Stain 

1 per cent, aqueous solution of methyl blue . . .35 parts 

1 per cent, aqueous solution of eosin . . .45 parts 

Distilled water 100 parts 

Fix tissues in Bouin’s solution (p. 676) or Zenker’s fluid (p. 675), and^cut 
paraffin sections in the usual way. Stain for 12 hr. in the incubator at ZT C. 
Rkae the section in water, differentiate under the microscope in 70 per cent, 
alcohol to each ml of which has been added one dr<^ of saturated aqueous 
Orange G solution, dehydrate and mount in balsam, 

In Ford’s modification the sections are stained for 3 hr. at 37^ C*, treated 
witih 40 per cent formaldehyde (stroi^ formalin) for 5 sec., washed in water, 
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differentiated and^ mounted as above. This method is essieGiiaUy U f ifrj pi nl Ibf 
staining the Negri bodies in rabies. 


ELEMENTARY BODIES 

Giemsa’s Stain 

This has already been described on p. 666, and whilst satisfactory for the 
elementary bodies of vaccinia and psittacosis, it has been replaced by oAcr 
methods that are quicker, free from deposit and give more consistent results* 

Gutstein’s Method 

This method is valuable for staining the elementary bodies of the variola- 
vaccinia group of viruses in smears made from scrapings of skin lesioixs 
elsewhere. 

Solution 1. Methyl violet , 1 g. 

Distilled water . 100 ml. 

Solution 2. Sodium carbonate 2 g. 

Distilled water . 100 ml. 

Prepare films of infected material and if much protein is present rinse first 
in saline and then in distilled water. Fix in methyl alcohol for 20-30 min. 
Place the slide, film facing downwards, supported on two pieces of capillary 
tubing in a Petri dish. 

Mix equal volumes of solutions 1 and 2, filter, and run the stain under the 
slide in the Petri dish. 

Cover the Petri dish, and incubate at 37® C. for 20-30 min. Remove the 
slide, rinse in distilled water, and leave to dry in air. 


Castaneda’s Stain (Bedson’s modification) 

This method is useful for Rickettsiae as well as for virus particles. 

Reagents 

(1) l OJVHCl. 

(2) Formaldehyde bi^er . — ^Add 40 ml. commercial formalin (prevbtimiy 
neutralised with 1*0 N NaOH in the presence of phenol red) to 960 ml. M/IS 
phosphate buffer pH 7-2 (see p. 852). 

(3) Stack Axur II . — ^Dissolve 1 g. Azur II (Gurr) in 100 ml. distilled 
water. Filter. 

(4) CouHterstain . — ^Dissolve 0*25 g. safranine in 100 ml. distilled water* 
Filter. 


Procedure 


(1) Fix the film in 1*0 iVHCl for 2 min. 

(2) Wash thoroughly with distilied water to remove acid. 

(3) Dilute the azure 11 stock solution 1 in 10 with formaldehyde buffer and 
use this to stain the smear for 20 min. 


(4) Wash dioroughly with distilled water. 

(5) Counterstain with 0*25 per cent, safranine for 6-^ sec* (not fongeny* 

(6) Wash in running water, blot and dry. . , - ^ ** 

The Rideettsiae tesmm blue while the protoplasm and nuda aimam 


are red* 

2u 
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Nidiidau's Stain 

Sum 

Isamine blue 1*0 g. 

Phenol 3*0 g. 

Ethanol . . • lO-O ml. 

Distilled water 100 ml. 

This stain keeps indefinitely, does not precipitate and, even in thick films 
containing much protein, gives clearly deimed virus particles. 

Procedure 

Fix smears with gentle heat or methanol. Cover with . and heat until 
the stain steams, but does not boil. After 5 min. rinse le smear and blot 
dry. 

Macchiavello’s Method for staining Rickettsiae 

This metihod is very suitable for staining Rickettsiae in fiilms from tissues. 
Make a film in the usual way and dry in air. Warm the slide gently and 
stain for 4 min. with 0-25 per cent, basic fiicbsin (in distilled water) which has 
been adjusted to pH 7'2-7'4 with alkali and filtered through paper. 

Then wash off the stain rapidly with 0*5 per cent, citric add and after this 
with tap water. 

Finally, stain with 1 per cent, watery methylene blue fo|r a few seconds. 
The Kckettsiae are coloured red, tissue celk blue. 


FIXATION AND EMBEDDING OF TISSUES; 
SECTION CUTTING 

As the ordinary routine bacteriological investi^tion of tissues is carried 
out almost exclusively with paraffin sections, this technique only will be 
described. 

The fixed tissue is embedded in parafi^ wax to support it during the 
cutting of the section, and the section is held together by the wax in the 
process of transferring it to the slide. 

The parafiSn wax must completely permeate the tissue, but before it can do 
so, all water must be removed from the noaterial and replaced by a fluid with 
wffich mdted patafiSn will mix. 

Water, therefore, is first removed* with several changes of alcohol; the 
alcohol is replaced by some fluid — such as xylol, benzol, acetone, chlorofotm 
— which is a solvent of both alcohol and paraffin wax, and the tissue is finally 
embedded in melted paraffin. 

Before removing me water from the tissue preparatory to embeddti^, the 
tissue must be suitably fixed and hardened. 

The essentials for obtaining good sections are: 

(1) The tissue must be fi^. 

(2) It must be properly fixed by using small pieces and en^loying a large 

of fiadng miids 

(3) The appropriate finng fluid must be enqiloyed for the j^articular 
iitveatiM^n required. 

(4) The tissue must not remain too long in the embedding bath. 
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FIXATIVES 

FORMALIN 

Formalin is a 38-40 per cent, (weight/volume) solution of formaldehyde 
(H.CHO) in water containing 10 per cent methanol to tnUbit polymerisation 
{ue. 38-40 g. H.CHO per ml. solution). 

Ten per cent, commercial formalin in nornud salme solution is a good 
fixative for general use. Its advantages are: it is easily prepared, has good 
penetrating qualities, does not shrink the tissues, and permits conside able 
latitude in the time during which specimens may be left in it. Moreover, the 
subsequent handling of the material is much easier in our experience than in 
the case of mercuric chloride fixatives, such as Zenker’s fluid. Formalin 
fixation is not so good as other methods where fine detail has to be observed^ 
as, for example, in material containing protozoa. For general routine use^ 
however, it is the most convenient and useful of fixatives. Tissue should be 
cut into thin slices, about 4 mm. thick, and dropped into a large bulk of 
fixative. The fluid may be changed at the end of 24 hr., and fixation is usually 
complete in 48 hr. Specimens are then washed in running water for an hour 
and transferred to 50 per cent, alcohol. In the latter fluid they may be kept 
for a considerable time without deterioration. 

Formalin tends to become acid owing to the formation of formic add. The 
strong formalin should be kept neutral by the addition of excess of magEiedum 
carbonate. The clear supernatant fluid is decanted off when formalin dffutions 
are required. 


ZENKER’S FLUID 


Mercuric chloride 
Potassium bichromate . 
Sodium sulphate 
Water 


50 g. 
25 g. 
lOi 
1C 


mL 


Immediately before use, add 5 ml, of gladal acetic add per 100 ml, of fluid* 
The fluid should be warmed to body temperature and only small pieces of 
tissue must be placed in it. Fixation is complete in 24 hr., and ffieiwb^r tibe 
pieces of tissue are washed in running water for 24 hr. to remove the potasduxn 
bichromate and mercuric chloride. The tissue is then transferred to 50 per 
cent, alcohol. 

It is that all the mercuric chloride should be removed, otherww a 

deposit will appear in the sections. The bulk of it is removed by washing* 
The remainder can be removed with iodine during the dehydration stage m 
alcohol. The material after washiM is transferred to SO per cent, andlater 
to 70 per cent, alcohol to which sumdent iodine has been added to m a ke the 
fluid dark brown in colour. (It is convenient to keep a saturated sdutton of 
iodine in 90 per cent, alcohd in a drop'-botde, and add a few drops as requin^) 
If the alcohol becomes dear more iodine is added until the fluid reihaina 

brown. This indicates that all the mercury salt has been dissolved out hy 

iodine^alcohoL 

Cut sections fixed on slides can also be treated with iodme-^.|. Gramms 
iodine— for 3-*S min,, to remove mercuric ddoride* 

Anin^ tisiues fixed in ZeiAer^s fluid tie more diflScult In 
arc apt to float off ilie did^ par^srfyff fixation has heeia 
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ZENKER.FOHMOL FLUID 

This is similar to Zenker’s fluid except that the acetic acid is omitted and 
5 ml. of formalin are added per 100 ml. immediately before use. It is a use&l 
general fixative for animal tissues. 


MERCURlC-CHLORmE-FORMALIN SOLUTION 

Mercuric chloride, saturated aqueous solution . . 90 ml. 

Formalin, commercial / . . 10 ml. 

Small portions of tissue must be used and fixation isUomplete in 1~12 hr. 
Then transfer to alcohol and iodine as after Zenker’s fluid (q.v.^. This fluid 
fixes with the minimum amount of distortion and the finW c 3 rtological details 
of the cells are retained. It is useful when staining virus inclusion bodies. 


«SUSA*' FIXATIVE (M. Heidenhain) 


Mercuric chloride 

45 g. 

Distilled water . 

800 ml. 

Sodium chloride . 

5 g- 

Trichloracetic acid 

20 g. 

Acetic acid (glacial) 

40 ml. 

Formalin (40 per cent, formaldehyde) 

200 ml. 


This is one of the best fixatives for both normal and pathological tissues. 
Pieces of tissue not thicker than 1 cm. should be fixed for 3-24 hr., depending 
on the thickness. The material should be transferred direct to 95 per cent 
alcohol. Lower grades of alcohol, or water, may cause undue swelling of 
connective tissue. Add to the alcohol sufficient of a saturated solution of 
iodine in 95 per cent, alcohol to give a brown colour. If the latter fades, more 
iodine should be added. 

The advantages of **Susa” fixative are rapid and even fixation with little 
shrinkage of connective tissue. The transference direct to 95 per cent* alcohol 
shortens the time of dehydration, while tissues thus fixed are easy to cut. 


BOUIN’S FLUID 

This fixative is useful for the iny^tigation of virus inclusion bodies. 

Saturated aqueous solution of picric acid . . .75 parts 

Formalin 25 parts 

Glacial acetic acid 5 parts 

This solution keeps well. Use thin pieces of tissue not exceeding 10 mm* 
thidr. Fix for 1-12 hr. according to thickness and density of tissue. Wa^ m 
SO per cent alcohol (not water), then 70 per cent, until the picric acid 
removed. 


SCHAUDINN’S ILUID 

Absolute ethyl alcohol . "“iOO ml* 

SMuraited aqueous solution of mercurk . . ^ml. 
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This is SR important fixative for protozoa. It may be used cold or warmed 
to 60® C., when it is more quickly penetrating. It is also a suitable fixative for 
wet films. 


FLEMMING’S FLUID 

Osmic acid > 

Chromic acid 

Glacial acetic acid .... 
Water 


0-2 g, 
0*1 ml. 
100 ml. 


The osmic and chromic acids, when mixed, will keep for only 3-4 wk. 
The acetic acid should be added immediately before use. 


EMBEDDING AND SECTION CUTTING 

After fixation by any of the above-mentioned methods and transference to 
50 per cent, alcohol, small pieces of tissue are treated as follows: 

n) Place in 90 per cent, alcohol for 2-5 hr. 

(2) Transfer to absolute alcohol for 2 hr. 

(3) Complete the dehydration in fresh absolute alcohol for 2 hr. 

(4) Transfer to a mixture of absolute alcohol and chloroform (equal parts) 
till tissue sinks, or overnight. 

(5) Place in pure chloroform for 6 hr. 

(6) Transfer the tissue for 1 hr. to a mixture of equal parts of chloroform 
and paraffin wax, which is kept melted in the paraffin oven. 

(7) Place in pure melted paraiSin in the oven at 55® C. for 2 hr., preferably 
in a vacuum embedding oven. 

The tissue is embedded in blocks of paraffin. These are cut out, trimmed 
with a knife, and sections 5 /x thick are cut by means of a microtome. The 
sections are flattened on warm water, floated on to slides and allowed to dry. 
Albuminised slides are useful where the staining process involves heating, and 
where animal tissue is used, especially after fixation with Zenker’s fluid. The 
slides are coated with albumin either by means of a small piece of chamois 
leather or by the finger tip. The albumin solution is made by adding three 
parts of distilled water to one part of egg-white and shaking thoroughly. The 
mixture is filtered through muslin into a bottle, and a crystd of thymol is 
added as a preservative. It is usual to coat a number of slides and, after 
drying, these are stored untfl required. The albuminised side may be 
identified by breathing gently on the slide; it is not dimmed by the breath, 
whereas the plain side is. 

For additional details, reference must be made to works on histology. 
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CHAPTER 46 

STEIULISATEON 


Sterilisation is the freeing of an article from all living oiganinaa, 
including bacteria and their spores. The sterilisation of culture media, 
rontamers and instruments is essential in bacteriological vrork for the 
isolation wd maintenance of pure cultures. In surgery and medicine, 
the sterilisation of instruments, drugs and other supplies is important 
for the prevention of infection. 

Sterilisation can be effected in a variety of ways which can be 
conveniently categorised as follows. 

I. Physical Methods. 

(a) Heat. 

(1) Dry heat (including infra-red radiation). 

(2) Moist heat. 

(b) Radiation. 

(1) Ultra-violet radiation. 

(2) Ionising radiation. 

(c) Filtration. 

II. Chemical Methods. 

Heat is most often employed, since it is generally the simplest and 
most reliable means of sterilmtion. Bacteria-stopping filters ate used 
to sterilise liquids that would be spoiled by heat, e.g. blood smun, 
antibiotic solutions, and in whidi contamination by filter-passing 
viruses is improbable or unimportant. Chemical agents are generally 
less reliable than heat; they are used mainly for disinfecting the skin, 
floors, furniture and other articles that caruiot be heated effective^ 
without damage. 

Once articles have been rendered sterile they must be protected 
from contact with unsterile objects and from exposure to airborne dust 
or else they will become recontaminated. To ensure maintenance 
sterility, articles are usually enclosed in a dust-proof container or 
wrapping before being sterilised. Subsequently th^ remain protected 
by it until required for use. 


SfnSRXLlSATION BY HEAT 

Heat can be applied in two forms: (1) dry heat and (2) moist heat. 
Moist heat is more effective than dry heat, sterilising at lower tern* 
peratures in a given thne and in diorter times at the sanw temperatiire. 
^oist heat kiUa xtumoorganisms probably by cosgulathg and^denaitniy 
their emtymtn and structural proteho, a prooett ha wlshdi water 
participates. SiferfliiiNilfea* i.e. 
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they contain water, must be sterilised by moist heat. Dry heat is be- 
lieved to kin microorganisms by promoting a destructive oxidation of 
essential cell constituents. KUUng of the most resistant spores by dry heat 
requires a temp^ature of about 160° C.for 60 minutes. This high temper- 
ature causes slight charring of paper, cotton and other organic materials. 
Dry heat is employed mainly for glassware, syringes, metal instruments 
and paper-wrapped goods which are not foiled by the high temperature 
and are required dry. It is also used for anhydrous fate, oils and 
powders wluch are impermeable to moisture and thus are incapable of 
sterilisation by moist heat. 


Factors Influencing Sterilisation by Heat 

The factors to be considered are the temperature and time of 
exposure, the number of vegetative microorganisms ana spores present, 
the species, strain and spore-forming ability of the microorganisms and 
the nature of the material that contains the microorganisms. 

(1) The temperature and time required for killing are inversely 
related, shorter times sufficing at higher temperatures. Thus, the 
minimd moist-heat sterilising times for the most resittant kind of 
spores known (those of a thermophilic Bacillus species) were found in 
teste of com juice at pH 6-0 containing 200,000 spores per ml. to be: 

22 hr. at 100° C., Hi hr. at 105° C., Sf hr. at 110° C., 84 min. at 115° C., 

23 min. at 120° C., 8 min. at 125° C., 3i min. at 130° C. and li min. 
at 135° C. Published findings on resistant spores show many dis- 
crepancies, but their collation suggests that in practice the following 
may be taken as equivalent minimal sterilising exposures: 


Moist Heat 

Dry Heat 

Temperature 

Stenlising Time 

Temperature 

Sterilising Time 

100' c. 

110 ' c, 

115' C. 

121' C. 

125' C. 
130' C. 

20 hours 

21 hours 

50 minutes 

15 minutes 

6| minutes 

2i minutes 

120* C. 

140* C. 

160* C. 

170° C. 

180° C. 

\ 

8 hours 

2i hours 

1 hour 

40 minutes 

20 minutes 


For surgical and bacteriological sterilisation, most authorities con* 
^r that a 10-12 minute exposure of the organisms to moist heat at 
121° C. is generally suffident. This ensures killing of all pathogenic 
sporing oiganisms and all saprophytes except for some strict thermo- 
phiW whidi cannot grow at less than 40° C., and so cause no 
in medb stored and used at lower temperatures {e.g. incubated at 37° C.)- 
The fniniiYift! Sterilising rimes just recommended are the rimes for 
which the microbes themselves are held at the appropriate temperamre, 
emd do net mcbide heatit^-t^ time. When an article is being 
ly exposure in hot air, hot water or steam, Ae total duration of 
id^posure must indude rime for the artide to become heated up to the 
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steriHsing temperature, in addition to die recomnumded nuninud 
sterilising time at that temperature. The amount of time to be allowed 
for h^tii^ up (or heat-penetration time) will be discussed later for ^ 
individual methods. 

(2) The number of ndcr^^anims and spwet eSknOn die rapidity 
sterilmtion. The susceptibiu^ and duration of survival on heating 
varies considerably among the individual cells, even in a pure culture. 
The number of survivors diminidies exponentially with the duration 
of heating, and the time for complete sterilisation increases with the 
number initially present. Thus, when an exposure of 23 min. at 120® C. 
was required to sterilise a suspension of 200,000 spores per ml. only 
17 min. was required for one of 2000 ^res per ml. In practice it is 
advantageous to minimise bacterial contamination by deansing pro- 
cedures before applying heat for the purpose of sterilisation. 

(3) The species, strain and spore-forming ability of the microbe 
greatiy affect its susceptibility to heat. The amount of heat required 
to kill a given variety is normally stated in terms of the temperature 
and time of exposure, either as the thermal death point, i.e. the lowest 
temperature to give complete killing in aqueous suspension within 
10 min., or, preferably, as the themud death time, i.e. the shortest time 
for complete killing at a stated temperature. The tests are made under 
strictly standardised conditions, e.g. with sealed 9 mm. diameter hard 
glass tubes containing 1-2 ml. of a suspension of 50,000,000 organisms 
per ml. in a phosphate buffer solution at pH 7*0. 

Susceptibility to Mokt Heat . — The vegetative forms of most bacterk, 
yeasts and fungi, and most animal viruses, are killed in 10 min. by a 
temperature between 50® C. (e.g. N. gonorrhoeae) and 65® C. (e.g. 
Steph. aureus). Extreme susceptibility is shovm by I>. paUidsm whu^ 
is killed in 10 min. at about 43® C., and extreme resistance by thermo- 
philic saprophytic bacilli, e.g. B. stearothemu^hilus, whose vegetative 
forms can grow at temperatures of up to nearly 80° C. A few animal 
viruses are more resistant tham the majority: that of poliomyelitis may 
require heating at 75° C. for 30 min. and that of homologous serum 
hepatitis, when in serum, at 60® C. for 10 hr. Many bacteriophagm are 
more resistant than their host bacterium, and it is often possible to kill 
the latter by heating at 60® C. for 15-30 min. without affecting the 
phage; these phages are killed by temperatures in the range 65®—^® C. 

The spore forms of actinomycetes, jreasta and fimgi are more re- 
sistant than tiie v^etative forms, though not as highly resistant w 
bacterial spores. The more susceptible kinds are killed at 70® C« m 
5 min. and the more resistant at 80°-90® C. in 30 mm. 

The mores of bacterial species are killed by moist heat in 10 min. 
at temperatures mainly in the raitee 100®— 121® C. Therr r e st at iBce 
may vary considerably betweoi different strains of the same apecfesi 
Thus, spores of most strains <rf Cl. tetani and CL icefefiM are kiBed by 
boiling at 100® C, for 10 min., but cxccptfenal strains of eithw 
may resist bt^ing for 1-3 hr, Sudi strains of €1, Utmd 
resistant patla^ens e" pable of infcirting wwmda and dw tr degwte ef 
resistance t htw detenniaes the minimiim stanthuds 
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ti<m: i.«. 121” C. for 10 min. or 115” C. for 30 min., ocdusm: of lieat- 
ing-up time. CL botuUman, the cause of botulism fbod-poisooiing, 
forms spores that at pH 7*0 may resist boilmg at 100” C. for up to 8 
and autoclaving at 115° C. for 10-40 min.; these limits determine the 
standards of heat processing employed in the preservation of non-add 
canned foods. 

Susceptibility to Dry Heat. — For v^etative bacteria, dry heat at 
100” C. for 60 min. is required to kill strains that would succumb to 
moist heat at 60° C. in 30 min. Fungal spores are killed in hot air at 
115” C. widiin 60 min., and bacterial spores at temperatures in the 
range 120”-160” C. 

(4) The nature of the material in which the organisms are heated 
may meet the rate of killing. A high content of or^nic substances 
generally tends to protect spores and vegetative orgwisms against the 
lethal action of heat. Proteins, gelatin, sugars, stai^, nucleic acids, 
fats and oils all act in this way. The effect of fats and oils is greatest 
with moist heat since they prevent access of moisture to the microbes. 
The presence of an organic or inorganic disinfectant has the opposite 
effect and facilitates killing by heat. The pH is important; t^ heat 
resistance of spores is greatest in neutral media (pH 7*0) and is dimi- 
nished with increasing addity or alkalinity. Thus, spores of CL tetam 
whose killing required moist heat at 100” C. for 29 nun, at pH 7*2, were 
killed in only 11 min. at pH 10*2 or pH 4*1. Acidity (e.g. pH 4) not 
only enhances the killmg of the spores of CL botulinum but also inhibits 
growth and this explains the safety of acid fruits preserved by brief 
heating at 100” C. The effect of alkali may be put to practical use m 
die sterilisation of metal instruments; boiling in water containing 2 per 
cent sodium carbonate gives as effective killmg in 10 min. as boihng 
in plain water for several hours. 

The conditions under which sporulating bacteria are grown may 
influence the heat resistance of the spores. Thus, spores formed by 
soil and intestinal bacteria in artificial cultures are sometimes less 
resistant than those formed in the organism’s natural habitat 


METHODS OF STERILISATION BY DRY HEAT 

(i) Red Heat. — Inoculating wires, points df forceps and searing 
apatuhn are sterilised by holc^g them in the flame of a Bunsen burner 
until they are seoi to be red hot. 

(ii) Flaming. — ^This mediod is used for sterilising scalpels, needier 
the mouths of culture tubes, cotton-wool stoppers, s^ glm sli<to ait” 
coverslips. It involves passing the artide tmrough the BunsMi flame 
without allowing it to become red hot Whoi a slide or other 
article is heated suflSdently for sterilisation, it is apt to ersdeif pb^ 
at 4»ce (m a coM surface. Needlra, scalpels and bauns are sometime 
treated 1^ unmersii^ them in meth^lm spirit and bumins 
^iri^ but this does not produce a sufficiently high tonpexature 
sterilkMrtaon. 
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(iii) Hot-Air (^en.— This is the main m«us of sterilisKtkn by 4iy 
host. The oven is usually heated by electricity and a thonxiOstRt 
that m ai n tai n s the chamber air constantly at the chosen ten^peratoie. 
Preferably, it should have a fan or turbo-blower to aafost die areulaition 
of air and so ensure rapid, uniform heating of die load (Darmady dc 
Brock, 1954). Exposure at a temperature of 160® C. for 1 hr. is gmiendly 
employed. 

This is the best method of sterilising dry glassware such as test- 
tubes, Petri dishes, flasks, pipettes and instruments sudi as forceps, 
scalpels, scissors, throat swabs and assembled all-glass syringes. Before 
sterilisation, test-tubes and flasks should be plugged with cotton-wool 
stoppers ; other glassware, e.g. pipettes, may be wrapped in kr^ paper. 
Certain brands of cotton-wool give off volatile substances during 
sterilisation, that coiidense on the glass and later may interfere widi 
the growth of sensitive bacteria, e.g. pneumococcus. Slip-on metal 
caps may be substituted for cotton-wool. Although screw-capped 
bottles themselves will withstand the temperature of the hot-air oven, 
the ordinary rubber liners or washers in their caps will not, and botdes 
already capped should therefore be autoclaved unless &e liners are made 
of silicone rubber. 

The hot-air oven is also used for sterilising dry materials in sealed 
containers, and powders, fats, oils and greases {e.g. petroleum jdly) 
that are impermeable to moisture. These materi^ are penetrated very 
slowly by heat and must therefore be sterilised in small lots or diallow 
layers, e.g. in packets not exceeding 10 g. and in layers not exceedii^ 
0*5 cm. depth in a Petri dish. 

Glassware should be perfectly dry before being placed in the steri- 
lising oven; wet i^assware is liable to to cracked and should first be dried 
in a “drying oven” at about 100° C. The sterilising oven must not be 
overloaded and spaces must be left for circulation of air through file 
load. It may be cold or warm when loaded, and is thm heated up to 
the sterilising ten^rature in the course of 1-2 hr. The ftrioi 
of 1 hr. at 160° C. is timed as beginning when die thermometer first 
shows that the oven air has reached 160° C. Finally, the oven is allowed 
to cool gradually during about 2 hr. before the door is opened, sinoe 
glassware may be cracked by sudden or uneven cooling. 

A holding period of 1 hr. at 160° C. is generally considoced suffident 
for loads of a kind that will heat up rapidly and rea^ 160° C. soon ai^et 
the ov«i air does so; e.g. loosely packed loads of simpte ghasware and 
metal instruments, espedidly if the oven is equipped wiffi a fitn. An 
^osure oS 2-%^ 1^. at 160° C. is preferable tot loads likely to reqqiie 
B longer heatii^up time: e.g. heavy loads in an omi wmmat a 
assembled ail-glats syringes packed in test-tubes and tiowfy heat^ 
materials sudi as powders, oils and greases. Two hours at C. u 
sometimes used. 

. (iv) Ii^frtHred recent method of dry heat stetBlsatinn 

»theu8eofu)fim-i«dndiatioii. The source employed i| ah «IM 
heated i^emontj iU^ted nys are directed on to dldliCt 
sterilised and ttaiperataits of 180° C.cin be at*s^ 
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of diis xnethod is considered in the section dealing with the sterilisa- 
ti(«i of syringes. Using a special chamber high temperature (200° C. 
or more) heating produced by infra-red rays in vacuo has been employed 
as a means of sterilising surgical instruments. Cooling is hastened and 
oxidation prevented during the cooling period by admittii^ filtered 
nitr(^n to the chamber. 


METHODS OF STERILISATION BY MOIST HEAT 
Moist heat can be employed: ' 

(i) at temperatures below 100° C.; \ 

(ii) at a temperature of 100° C. (either in boiling water or in free 

steam); or 1 

(iii) at temperatures above 100° C. (in saturate steam under 

increased pressure). ' 

Only the third procedure fully ensures sterilisation and killii^ of 
the most highly resistant spores. Killing by moist heat requires contact 
of the hot water or steam with the microorganisms, and if these are 
protected from wetting, as by grease or by a sealed impervious con- 
tainer, they will be subject only to the wetter effect of dry heat at the 
same temperature. , 

Saturated steam is a more efficient sterilising agent than hot air, 
partly because it provides the greater lethal action of moist heat and 
partly because it is quicker in heating up the exposed articles and in 
penetrating porous materiab such as cotton-wool stoppers, paper and 
cloth wrappers, bundles of surgical linen and the interstices of hollow 
apparatus. When the steam contacts the cooler surface of the article, 
it condenses into a small volume of water and liberates its large latent 
heat to that surface {e.g. 1600 ml. steam at 100° C. and atmospheric 
pressure condenses into 1 ml. water at 1(K)° C. liberating 518 calories of 
heat). The contraction in volume causes inunediate suction of more 
steam to the same site and the process thus continues rapidly until the 
article is raised to the temperature of the steam. The condensation 
water ensures the effective “moist” conditions for killing of the exposed 
microbes. Pure steam is used and the presence of air avoided, since air 
hinders penetration by the steam. ~ 

Steam sterilisation is especially suitable for culture media and 
aqueous solutions, since the atmosphere of steam prevents the loss of 
water by evaporation during heati^. To avoid drenching of cotton- 
wool stoppers in a steamer or autoclave, the stoppers should be covered 
with kraft paper; thus a wire basket of test-tubes is covered by a single 
sheet (ff paper turned down at the edges. 

(i) Moist Heat at Temperatures below 100° C. 

The best known example of moist heat at a relatively low lempeni- 
ture heiag used as a “sterm«ng" agent is in the pasteurisatiointf mill^ 
The temperature employed is either 63° C. for ^ min. (the **biiA6er” 
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method) or 72® C. for 20 sec. (the “flash” method) snd tisese procesMs 
will destroy all the non-spore-fbnning pathogens such as Myeo> (nhar- 
a^osis, Br. abortus and various salmonellae that may be found in 

The sterilisation of serum or body fluids containii^ coagulable 
protein can sometimes be effected by hearing for 1 hr. at 56® C, on 
several successive days. It may be necessary to repeat the hearing e^bt 
times to ensure complete sterilisation. Care must be taken not to dUow 
the temperature to rise above 59® C., as isu^tssarion may occur. The 
exposure to 56° C. is best carried out in a waterbath, but a 56° C. oven 
may be used. This procedure is not always effective if certain resistant 
tjrpes of sporing organisms are present. 

Vaccines prepared from cultures of non-sporing bacteria may be 
sterilised in a special waterbath (“vaccine bath”) at a comparatively low 
temperature, 1 hr. at 60® C. being usually suflicient. Higher tempera- 
tures may diminish the immunising power of the vaccine. 

(ii) Moist Heat at a Temperature of 100° C. 

Boilitig at 100° C . — A suitable form of boiling bath is the fish-kettle 
type made of enamel-ware or tinned copper. It should have a remov- 
able tray provided with a raised edge to prevent cylindrical instruments 
from falling off. Boiling at 100° C. for 5-10 min. is sufficient to 1^ 
all non-sporing and many, but not all, sporing organisms, e.g. not the 
spores of exceptional Cl. tetani strains that may survive boiling for 
1-3 hr. The method thus does not ensure sterility, but it has been 
found satisfactory for certain purposes in bacteriology and medicine 
where absolute sterility is not essential or better methods are unavail- 
able. It may be used for tubing, pipettes, measuring cylinders, rubber 
stoppers, instruments such as scalpels, forceps and scissors, and syringes 
of the metal and glass type that do not stand higher temperatures. If 
the water supply is “hard”, distilled water should be used, otherwise 
the instruments on removal become covered with a film of calcium 
salts. Sterilisation may be promoted by the addition of 2 per cent 
sodium carbonate to the water. 

The instruments and other articles are removed from the boilmg 
water with long-lundled forceps which have been stored in 3 per cent 
lysol (saponated cresol) solution to a level approaching the fin^ gt^. 
Before taking into the hand, which should be dry, the newly toiled 
instrument is held by the forceps for a few moments while it dries by 
evaporation. If it were taken into the hand while s^ wet, its wolking 
end (e.g. scalpel blade or syringe needle) would be liable to ccm tamin a- 
tion with skin bacteria floating down from the fingers in the film of 
water. 

The interior of a test-tube may be sterilised quickly for ordinmy 
purposes by l^ing water in it. 

Steau^ at 100® C.— Pure steam in equilibrium witii water famlfog 
at nomnd atmospheric ptesoure (760 mm. Hg) has a tempetariiee w 
100° C. ; at the lower pressures found at h%h altitudes the 
» slightly less, e.g, 99* C. at 1000 feet, 97® C at 3000 foet 
at 5000 feet Bemuse of its convenienoe» “sfoaming” at IBO* <5, is 
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commonly used for the sterilisstion of culture media such as broth and 
nutrient agu, although it is not as certainly effective as autoclaving. 
A Kocli or Arnold steam steriliser (“steamer”) heated by ste^, gas or 
electricity is employed. In its simplest form this is a vertical metal 
cylinder with a removable conical lid (havii^ a small opening for the 
escaping steam) and containing water which is boiled by a heater under 
the cylinder; but various modifications are available. A perforated 
tray situated above the water bears the articles to be sterilised. The 
apparatus is inexpensive and simple to operate. Bottles of medium 
may be introduced or removed while steaming is in progress, but 
uimecessary opening of the steamer, with the consequent mtroduction 
of cool air, should be avoided. Sterilisation may be effected Sn two ways : 

(a) By a single exposure at 100° C. for 90 min. — ^The spores of some 
thermophilic and rare mesophilic bacteria can survive tins treatment, 
but in practice it seldom fails to sterilise. The steaming period of 
90 min. includes the time required for the tubes and bottlm of media 
to be heated up from room temperature to 100° C. This may be about 
15-20 min. for tubes or bottles containing up to 100 ml., 30 min. for 
bottles of 600 ml. and 45 min. for a flask of 5 litres. For the larger 
volumes it is advisable to increase the total steaming period by an 
appropriate amount. 

(b) By intermittent exposure at 100° C., e.g. for 20-45 nUn. on each 
of Aree successive days. — ^The principle of this intermittent method of 
sterilisation, or “Tyndallisation”, is that one exposure suffices to kill 
the vegetative organisms; between the heatings the spores, being in a 
favourable nutrient medium, become vegetative forms which are killed 
during the subsequent heating. The duration of each steaming should 
be sufficient to heat up the medium to 100° C., i.e. 20 min. for lots up 
to 100 mb and longer for larger volumes (see (a) above). The method 
is used for media containing sugars that may be decomposed at higher 
temperatures, and for gelatin media which after prolonged heating fail 
to solidify on cooling. Thermophilic, anaerobic and other bacteria 
whose spores will not germinate in the particular medium and under 
the conditions of storage between the heatings, may escape being killed. 

(iii) Moist Heat at Temp^atiires above 100° C. 

Sterilisation in the Autoclave 

Water boils when its vapour pressure equals the pressure the 
surrounding atmosphere. This occurs at 100° C. for normal atmos- 
pheric pressure (i.c. 760 mm. Hg, 14*7 lb. per square inch absolute 
pressiure or 0 lb. per sq. in. “gauge pressure”). Thus, when witer is 
boiled within a closed vessel at increased pressure, the temperature at 
which it.boils, and that of the steam it forms, will rise above 100° C. 

This is the principle enqiloyed in the autoclave, wfai^ ther^ore 
provides a meaiu of subjecting articles to moist heat at temperatiires 
higher than 100° C. “Autoclaving” is the most rdiable metiiod and 
the method most widely used for sterilisation of culture media and 
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In the am^od ave all parts of tibe jbad to be sterilised aoaist be per- 
nieat^jb 3 [||Qayau. IdeaUy the steam shoidd 1 m llo| and 
((4. at dte point 4^ <»ndeo8u^ to Uquid water) but tlso d^iie, free 
from particles of liquid vraiter). Only limited devia^ons brom this ideal 
are allowable (M.R.C. Report 1959). Su^ dry, sa^unttdateam-effecte 
sterilisation by virtue of its high temperature, its wei^ qf latent heat, 
the coSdMisate (water) it produces and the cont rae^in ’m* volume that 
takes place when it condeUBESl Once die tIdrole'ISiftlieTbad Has been 
heat^up to the temperature of the steam there is a minimum holding 
time al ^t temperature necessary for sterilisation. The minimum 
holding times are 2 min. at not less than 132° C. (27 lb. per sq. in. gauge 
pressure); 12 min. at not less than 121° C. (15 lb. per sq. in. gauge 
pressure) and 30 min. at not less than 115° C. (10 lb. per sq. in. puge 
pressure). A 50 per cent, safety period is usually added to these 
minimum holding times and they become 3,18 and 45 min. respectively. 

The exact temperature attained depends not only upon the pressure 
employed but also on whether any air is present with the steam. The 
temperature of the steam at different pressures, when all, half or none 
of die original air content has been discharged from the autoclave 
chamber, is shown below: 


Gauge Pressu e 

Le, pressure ab >ve 

otinnAnItpnr' 

(lb./»q. in.) 

Temperature in Degrees Centigrade 

Complete air 
discharge 

Half air 
discharge 

No air 
discharge 

0 

100 


min 

5 

109 

94 


10 

115 

105 


15 

121 

112 


20 

126 

118 


25 

130 

124 

115 

30 

135 

128 

i 

121 


T%e ImporUmce of Air Discharge . — ^All the air must be removed from’ 
the autoclave chamber and articles of the load, so that the latter axe 
exposed to pure steam during the period of sterilisation. There am 
three reasons for this : (1) the admixture of air with steam results in a 
lower temperature being achieved at the dhosen pressure ; (2) the air 
hmders pmetration of the steam into the interstices of porous materials, 
surgical drmsings especially, and the narrow openings of containers, 
syringes, etc. ; and (3) the air, being denser thm the steam, tends to 
form a separate and cooler layer in t& bwer part of the autoc^ve, and 
so prevents adequate heating of the articles there (e.g. in an autoclave 
>ridi no air dischaxge, a temperature of (mly 70° C. was recorded at the 
bottmn w3^ at the top was 115° C.). 

There is one eao^nkn to the necesst^ for comphne air 
from tire load. Itometic8% sealed bottire and anpoulea of a^ 
oolutiona and eultnre media are aati^clorily sterilised in apite itf <»t 
presence ol some air iiritiiin them, tlreomtained winer|»trriiim 
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for moist-heat sterilisation, making unnecess^ the «itry of 
for this purpose, and the contents are heated to the same 
temperature as the chamber steam, though to a higher pressure, by 
conduction of heat through the container walls. 

Hie Simple Non-jacketed Laboratory Autoclare 

The simplest form of laboratory autoclave, the so-called “pressure- 
cooker type” (see figure), consists of a vertical or horizontal cylinder of 
gun-metal or stainless steel in a supporting frame or case. The size 
may be up to about 18 in. in diameter and 30 in. in leiigth. The lid 
(or door) is fastened by screw clamps, and is rendered air-nght by means 
of an asbestos washer. The cylmder contains water up to a certain 
level {e.g. in. for a vertical autoclave of 19 in. intemm height) and 
this is heated by a gas burner or electric heater below the cylinder. 
The bottles, tubes, etc., to be sterilised are placed on a perforated tray 
situated above the water level. The apparatus is furnished on its lid 
or upper side with a discharge tap for air and steam, a pressure gauge 
and a safety valve that can be set to blow off at any desired pressure. 

Directions for Using the Simple Autoclave. — See that there is 
sufficient water in the cylinder. Insert material to be sterilised and 
turn on the heater. Place the lid in position, see that the discharge tap 
is open and then screw down the lid. Adjust the safety valve to the 
required pressure; in some varieties of autoclave this adjustment has 
to be determined previously by trial. As steam rises from the boiling 
water, it mixes with the air in the chamber and carries this out through 
the discharge tap. Alloio the steam and air mixture to escape freely until 
all the air has been eliminated from the autoclave. A means of testing 
this is to lead a rubber tube from the discharge tap into a pail of cold 
water. The steam condenses within the water, while the air rises in 
bubbles to the surface. When the latter cease, the air discharge is seen 
to be as complete as is possible with this type of autoclave. After some 
trials it will be known what period of discharge to allow imder normal 
operating conditions. 

Now close the discharge tap. The steam pressure rises until it 
reaches the desired level, e.g. 15 lb. per sq. in. for 121° C., when the 
safety valve opens and allows the excess steam to escape. From 
exactly this point begin the holding .perwd, continuing exposure at 
15 lb. pressure for the appropriate time, i.e. usually 15 min. for aqueous 
media in lots up to 100 ml. and longer for the lai^ volumes that heat 
up more slowly. Then turn off the heater and aUow the autoclave to 
cool until the pressure gauge indicates tlmt the inside is at atmo^henc 
pleasure (0 lb. per sq. in.). At once open the discharge tap slowly to 
allow the air to enter the autoclave. If the tap is opened while^ the 
chamber pressure is still high, and the pressure is reduced too rapidly, 
liquid media will tend to boil violently and spill from their containers. 
On the odier hand, if the tap is not opened until the pressure has fallm 
much bdow atmospheric pressure, an excessive amount of wat» ^ 
be evapomted and lost from the media. (When ^ontaneous coouhg 
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is too rfow, e.g. taking about 1 hr., the (Usdiarge tap may be opened 
very ali^tly so as to cause a gradual reduction to atmosphenc pressure 
durii^ 15-30 min.). 

Dtficienctes of the Simpk Autoclave. — ^The simple form of laboratory 
autoclave is eflFective when carefully operated, but has several important 
disadvantages. The method of air discharge is inefficient, especially 
for a large and heavily loaded chamber, and it is difficult to decide when 
the discharge is complete. If, as a result, the discharge tap is closed 
and the holding period begun while there is still some air present in the 
chamber and load, the temperature produced at 15 lb. pressure will 
not be as high as 121° C. This failure to achieve the proper temperature 
IS likely to pass undetected, since these simple autoclaves are not 
furnished with a thermometer showing the temperature in the lowest 
and coolest part of the chamber. The operation of the autoclave is 
controlled solely by the pressure gauge and it is very common for such 
gauges to become inaccurate. 

The simple autoclave also lacks means for drying the load after 
sterilisation. This is desirable for apparatus wrapped in paper or cloth, 
and is essential for surgical linen and dressings. Although dry when 
put into the autoclave, these articles are moistened by the condensation 
of the steam. When damp, paper and cloth wrappings, even in several 
layers, are unable to prevent the entry of contaminating bacteria. It is 
therefore important to avoid placing the sterilised articles in contact with 
unsterile objects until their torappings are dry. 

A wide variety of autoclaves are manufactured which incorporate 
various devices to overcome these and other difficulties, some being 
specialised for particular purposes. Many autoclaves at present in 
hospitals and laboratories have been badly designed or wrongly installed, 
iuid cannot ensure sterilisation. In recent years there has been a great 
increase in interest in these problems prompted particularly by the 
work of Bowie (1955) and Howie and Timbury (1956). In 1957 the 
Medical Research Council set up a working party to examine the whole 
question of sterilisation by steam under increased pressure and their 
reports (M.R.C. Reports 1959, 1960) are very comprehensive. The 
following description is given of an autoclave suitable for either lab- 
oratory or surgical purposes. 

Steam-Jacketed Autoclave with Automatic Air and 
Condensate Dischaiije 

Most are horizontal cylinders {e.g. 20 in. diam. by 30 in.) of rusdtos 
metal {e.g. Monel metal). There is a toend, however, to make the 
chamber rectangular as bottles and all surgical materials are moxt 
conveniently loaded into an autoclave of this drape. At the front b a 
8wing door fastened by bolts and nuts, or preferably by a ‘*c^pstsn 
head” which operates radial bolts and automatically renuuns locked 
yhile die chamber pressure is raised. A pressture-kxksd safety door 
is a valuable guard against the posdbility of a dangerous expbdcMii 
through premature opening by the operator. 

2x 
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The autoclave (see figure) also possesses: (1) a supply of steam from 
an external source, e.g. an independent boiler beside the autoclave or, 
more usually, the main steam supply of the building; (2) a steam jacket 
which heats the side walls independently of the presence of steam in the 


AOJU6TASLE SAFETV-VIM.Ve 
CHAMBER OISCHARCE TAP'*E^ 


PRESSURE GAUGE 



GAS BURNER 





Autoclaves. Above; Simple non-jacketed autoclave. Below: Steam-jacketed 
autoclave vrith automatic gravity dudurj^ of air and condensate, and system for drying 
by vacuum and intake of filtered air. 


cham^r tod so facilitates drying of the load; (3) a channel for dis- 
cl^ging air and condensate by gravity from the bottom of the diamber, 
with a “no-retum” valve and a thermostatic valve (“steam trap") ^ 
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system which may be used to assist drying of the load; and (6) an air- 
intake with a self-sterilising filter for introducing warm sterile air into 
the chamber. It appears that glass fibre woven into sheet form provides 
the most reliable filter and that the working life of such a filter is at 
least one year (M.R.C. Report 1960). It may also have (7) a cooling 
system to hasten the cooling of liquids without violent boiling, and 
(8) an automatic control system which carries through exactly a pre- 
selected cycle of sterilisation, including heating-^p, holding, cooling 
and drying stages, without requiring attention from the operator. 

Steam Supply. — The steam supplied to the autoclave should be dry, 
i.e. free from excess water in the form of suspended droplets, and 
saturated, i.e. not superheated above the phase boundary of equilibrium 
with water boiling at the same temperature and pressure. 

Wet steam. — Steam that is piped a long distance from the boiler 
tends to become “wet” through coolii^ and condensation, and such 
wet steam is an inefficient sterilising agent not only because it soaks 
porous materials and so hinders filler penetration but also because 
the particles of water possess no latent heat. However, the pressure of 
the main steam supply should be between 40 and 75 lb. per sq. in. 
(ideally 55 lb. per sq. in.), and the steam is passed through a reducing 
valve and pressure regulator so that it enters the autoclave at a pressure 
of 1 5 lb. per sq. in. This reduction in pressure dries the steam usually to 
a sufficient extent. 

Superheated steam. — Superheated steam cannot be produced in a 
simple autoclave wherein water is boiled to generate the steam, but may 
be produced under some conditions in a jacketed autoclave supplied 
with steam from an external source. SuperWting may take place when 
the temperature of the steam is increased while the pressure remains 
unchanged or when the temperature is kept constant but the pressure 
reduced. In practice the former set of circumstances may cause super- 
heating if the jacket temperature is greater than the chamber tem- 
perature ; the latter, if air remains mixed with the steam in the chamber 
since this, by Dalton’s Law, has the effect of reducing the pressure . 
of the steam. 

The employment of saturated steam is necessary in order to main- 
tain the conditions of “moist heat” and prevent evaporation of con- 
densation water from the articles of the load durii^ the period of 
sterilisation. Superheated steam is unsatisfrctory because it abstracts 
water from the exposed material and so brings about the less lethal, yet 
more destructive, conditions of “dry heat”. 

StarHrig of Autoclave and Heating of Jacket. — ^The stetun is first 
introduced into the jacket, a space between the double side-walls of 
the chamber. The jacket is kq>t filled with steam at 121° C. ffiroi^h- 
out the whole day, both during and between the successive steamingi 
m the dbamber. Some steam is continually condenmng into watet on 
the vralls of the jacket and this a>ndenaate is drained away thtoU|^ a 
jacket disdiarge channel controlled by a thenwntatic “tedBet atEwm 
hap”. must be taken to ensure that there is no to 

this discharge. 
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Loadu^ of Chambo'. — ^When the jacket is heated, the load is packed 
into the chambo'. Articles requiring different treatment should not 
be included in the same load, e.g. aqueous media in unsealed containers 
together with wrapped goods requiring drying. The articles should be 
arranged loosely to allow free circulation of steam and displacement of 
air. For further details see the section dealing with sterilisation of 
individual articles. 

Heating-up and Air-displacement Period. — ^The door is closed and 
steam allowed to enter the chamber through a baffle high up at the back. 
The steam for the chamber is drawn from the jacket, which thus acts 
as a reservoir between the chamber and the supply lide; the same 
pressure and therefore temperature, must be maintained in the chamber 
as in the jacket. The steam tends to float as a layer above the cooler 
and denser air, and as more is introduced it displaces the air down- 
wards duough the articles of the load and out through me chamber 
discharge chaimel which leads from the bottom of the cn^ber near 
the front. The condensation water formed on the cool load and 
chamber door also drains through this channel. The channel’s thermo- 
static steam trap remains open while steam mixed with air and con- 
densate passes through it to the drain and atmospheric vent, but as 
soon as all free air has been eliminated and the arrival of pure steam 
raises the trap’s temperature to 121“ C., it automatically closes and 
prevents further escape. About 5 or 10 min. may be t^en for this 
displacement of air by steam. 

Holding Period of Sterilisation, — ^The holding period at 121“ C. is 
timed as starting when the thermometer in the discharge channel first 
shows that this temperature is reached. The exact duration of the 
holding period is decided according to the nature of the load, particu- 
larly the time which must be allowed for this to become heated through- 
out to the temperature of the steam (see pp. 704, 708). During the 
early part of the holding period some residual air may gradually be 
displaced from the interior of a porous load; this air together with 
excess condensate collects in the discharge channel above the steam trap, 
cools to 120° C. or less, and so causes the trap to open momentarily and 
allow its escape. (A “near-to-steam” trap is essential, i.e. one which 
opens when Ae temperature falls by only 1“ C. below that of pure 
steam.) 

Since a pressure gauge is liable to ■become inaccurate, the steam- 
pressure regulator is ultimately adjusted so as to produce a ^ermometer 
reading of 121“ C. after the completion of air discharge. This control 
by the thermometer in the discharge channel ensures that autoclaving is 
carried out at the correct temperature, and is greatly preferable to 
control by pressure readings. Any obstruction to die discharge of air 
and condensate is indicated by the temperature felling below 121° C. 
while the pressure remains at 15 lb. The discharge channel and tmp 
must be kept clear and the removable strainer in the mouth of the dis- 
charge channel diould be cleaned daily. 

Cooling and Drying Period. — ^At the end of the holding period the 
supply of steam to the chamber is stopped, while that to the jacket is 
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maintained. The ateam left in the chamber begins to cool by loss of 
heat through the unjacketed door and its pressure falls accordingly. 
The management of this stage depends on whether dryii^ of the load 
is required, as for wrapped apparatus or surgical dressings, or must be 
avoided, as for aqueous media in loosely stoppered containers. Details 
of the methods of cooling and drying are given in diie section dulling 
with the sterilisation of Ibese articles in detail. 

High Pre-Vacuum Sterilisers 

The most advanced surgical sterilisers are equipped with electrically 
driven pumps capable of exhausting the chamber to an almost perfect 
vacuum (e.g. to an absolute pressure of 20 mm. Hg or below). In effect 
this means removing more than 98 per cent, of the air initially present 
(M.R.C. Reports 1959, 1960). A high pre-vacuum is drawn before 
admission of steam to the chamber and the absence of air then enables 
the steam very rapidly to penetrate and heat up all parts of the interior 
of the load. Even a tightly packed load is heated rapidly and uniformly 
to the sterilising temperature and this is the only method of sterilisation 
that can overcome the effects of had packing or overloa£ng of the steriliser. 
This makes it feasible to employ a higher sterilising temperature for a 
shorter time, namely 135° C. for 3 minutes {i.e. jacket and chamber 
steam at 30 lb. per sq. in. gauge pressure). Ibe total operation time 
is greatly shortened and damage to heat-sensitive materials through 
exposure to injurious air-steam mixtures or prolonged heating in £e 
outer parts of the load, is avoided. Note, however, that the operating 
steam temperature need not always be as high as this. For many 
purposes a temperature of 121° C.-126° C. held for a longer period is 
perfectly satisfactory. 

The chamber is loaded with as tight packing as desired and the 
vacuum drawn to remove all air from the diamber and load vnthin 
5-10 min. (Automatic control, vide infra, obviates the possibiHly of 
the evacuation being unduly prolonged, with resultant overdryu^ and * 
superheating.) Steam is achmitted to the chamber and heats the whole 
load to 135° C. within 2-3 min. The holding period is continued for 
3 min. from the time the thermometer first rearaes 135° C. The load 
is then dried within a few minutes by exhaustion of the chamber to a 
high vacuum with a water-sealed pump, and the vacuum is fiimlly 
broken by admission of air through a filter. 


autoclave controls and sterilisation indicators 

Automate Process Control . — It is advantageous for the steriliser to 
he furnished with an automatic cnntrol sj^tem that carries ffuou|^ the 
whole sterilisation (^cle, including the heating-up, bolding, cooling 
and drying stages, according to a pre-selectod sdieine for foe dutafont, 
^peratore and pressure eff eadh stoge. After foe foamber baa been 
Wded and foe process sbuted, no further attentirm is required na# 
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the load is ready for removal. Apart from saving the time of a skilled 
operator, automatic control is a valuable safeguard against error due to 
negligence or distraction. A monitoring system ensures that if the 
temperature at any time falls below that selected, the operation will be 
repeated. 

Recording Thermometer. — This desirable adjunct makes a graphic 
timed record of the temperature changes in the chamber discharge 
channel and thus, in the absence of automatic control, helps the operator 
to avoid errors in timing the holding period. 

It has been emphasised (M.R.C. Report 1959) that a daily inspection 
of such a temperature record by a responsible person is of more value 
than more elaborate tests carried out at infrequent intervals. 

Thermocouple Measurement of Load Temperature. — ^This is the 
' method of discovering the heating-up time required for a given kind of 
load. A thermocouple is inserted deeply inside a tea article in the 
autoclave chamber, e.g. a bottle of liquid or a pack of dressings, and its 
wire leads are carried out under the chamber door to a potentiometer. 
The latter indicates the temperature inside the test article during the 
course of autoclaving. 

These instrumental means of controlling the sterilising cycle in the 
autoclave are of the greatest value but there are occasions, even with a 
perfect steriliser, when a test of overall efficiency is desirable. Two 
methods are available one using chemical indicators, the other spore 
indicators. 

Chemical Indicators may be placed inside the load, ^^hich show a 
change of colour or shape after exposure to a sterilising temperature. 
Thus, a pellet of sulphur in a small glass tube will show a change of 
shape by melting when exposed at 120° C. for a few minutes. Browne’s 
steriliser control tubes contain a red solution which turns green when 
heated at 115° C. for 25 min. (type 1) or 15 min. (type 2), or at 160° C. 
for 60 min. (type 3). They must be stored at less than 20° C. to avoid 
deterioration and premature colour change. These indicators have the 
advantage of being readable immediately the test is done and Browne’s 
tubes are generally accepted as being satisfactory. 

Spore Indicators. — A preparation of dried bacterial spores is placed 
within the load in the autoclave and after autoclaving is tested for 
viability. 

Bacillus stearothermophilus, a thermophile that requires to be culti- 
vated at 55°-60° C., is a suitable test organism. Its spores are killed 
at 121° C. in about 12 min. 

A culture grown aerobically on nutrient agar for 5 days is suspended 
in sterile water to a concentration of 1 million spores per ml., or greater. 
Small strips of filter paper, e.g. 5x1 cm., are soaked in the suspoision, 
dried at room temperature and placed in paper envelopes which are 
then sealed. A few of these packets are placed in different parts of the 
load and at least two spore papers should be placed at each site since in 
any spore preparation there may be a few spores of otceptional resist- 
ance. After autoclaving, the envelope is cut with sterile scissors and 
tiie strip transferred with sterile forceps to a tube or flask of “recovery 
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medium”, e.g. thioglycoUate broth or cooked-meat medium; it is 
necessary to take rigorous precautions against contamination while 
making this transfer. The tube is incubated for 7 days at the ^pro- 
priate temperature and then examined for growth. An unautocmed 
spore strip is cultured as a positive control and an uninoculated tube of 
medium as a negative control. The results should be reported in terms 
of the degree of heat-resistance of the spore preparation used. This 
may be determined by holding small sealed tubes of the spore suspension 
for varying periods in a waterbath at 100° C. or in an oil-bath at h^her 
temperatures, and then testing for viability by culture. Instead of spore 
strips, envelopes containing about 1 g. of dried earth may be used, 
since samples of earth almost always contain highly resistant spores. 
Such samples, however, are variable and less satisfactory; the spores 
they contain are often too resistant. 

Recovery Media. — Bacteria and spores that have been damaged by 
heat, may require special cultural conditions to allow their recovery and 
growth. They may lie dormant for several days when placed in a 
culture medium, and incubation should be continued for at least a week 
to give them the opportunity of growing. Moreover, certain enriched 
media may permit their growth when ordinary media fail. Enrichment 
with yeast extract, starch, glucose, blood or milk has been found 
beneficial. ThioglycoUate broth and cooked-meat medium are suitable 
for recovery of both aerobic and anaerobic bacteria. 

The chemical or spore indicators are placed in the centre of the 
largest and most densely packed items of ^e load, and some near the 
bottom of tihe chamber where air tends to collect. The results may 
reveal the faUure of some parts of the load to become adequately heated 
and thus draw attention to a fault in the construction, loading or 
operation of the steriliser. Successful tests, on the other hand, give no 
assurance that the steriliser and technique are reliable, since heating 
might yet be inadequate in other parts of the load or under different 
conditions of loading. The essential guarantee of sterilisation is that 
a properly designed and properly loaded autoclave be operated so as to 
show the correct sterilising temperature on the discharge-channel 
thermometer for the appropriate time. 


STERILISATION BY RADIATION 
Ultra-Violet Radiation 

The abUity of sunlight to kUl bacteria is mainly due to the ultra- 
violet rays that it contains. Visible li^t at the violet end of die 
spectrum has a wave-length of 400 m/t (4000 A, or Angstrdm unite) 
snd ultra-violet radiation is not markedly bactericidal until 330 m/t is 
reached. Thereafter the effectiveness of ultra-violet light as a steril^ng 
sgent increases with decrease in wave-lergth. Ilie shortest ultra-violet 
in sunUght that readi the earth’s surfai^ in quantify have a wave- 
^^gth of some 290 m/t but even more effective radiadons, 240-280 m/a, 
ten be produced by mercury vapour lamps. 
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In an attempt to reduce post-operative sepsis high intensity ultra- 
violet radiation has been applied to the operation area but elaborate 
precautions have to be taken to protect the skin and cornea from the 
highly irritant rays (Hart, 1942). 

Ultra-violet rays from suitably shielded lamps have been used to 
reduce the number of bacteria in the atmosphere but for safety their 
intensity has to be restricted (Wells & Wells, 1942). There are, how- 
ever, a number of reports that “curtains” of more intense ultra-violet 
light at the entrance to cubicles, through which personnel pass quickly 
and therefore avoid injury, are of value in reducing cross-infection 
(McMath & Hussein, 1960). (It should be noted that daylight passing 
through ordinary window glass has a significant effect in shortening 
the survival of pathogenic organisms in the dust on{ the floor and 
furniture in rooms.) 


Ionising Radiation 

Ionising radiations include high-speed electrons, X-ra^ and y-rays 
(short X-rays). In adequate dose these radiations are lethal to all celk, 
bacteria included. Sterilisation by radiation is achieved in practice 
by the use of either high-speed electrons from a machine such as a 
linear accelerator or y-rays from an isotope source such as Cobalt 60. 
Although available the necessary apparatus is much too expensive for 
installation in a hospital and it is worthwhile commercially only for the 
sterilisation of large amounts of pre-packed disposable items that are 
unable to withstand heat. These include plastic syringes and catheters. 
Darmady et al. (1961) investigated the efficiency of radiation sterilisa- 
tion using a variety of vegetative and spore-bearing test organisms and 
found that a dose of 2*5 Mrad was adequate for producing sterility. 
Spores of Bacillus pumlus (£601) were recommended as a suitable test 
organism. 


STERILISATION BY FILTRATION 

It is possible to render fluids, including bacterial cultures, free from 
bacteria by passing them through special filters. The method is 
especially useful in making preparations of the soluble products of 
bacterial growth, such as toxins, and in sterilising liquids tl^t would be 
damaged by heat, such as serum and smtibiotic solutions. These filters 
have pores so small that ordinary bacteria are arrested. The British 
Phan^ceutical Codex test for bacteria-proof filters requires that 
efficient filters should be able to retain Serratia marcescens. This 
indicates an average pore diameter of 0*75 fi or less. It is possible to 
produce some types of filter with a smaller pore diameter and they are 
able to retain smaller microorganisms including many viruses. In fact, 
it is possible to estimate the size of viral particles by using filters of 
different pore diameter although this technique has been largely super- 
ceded. In general, however, “sterilising” ffiters must be regarded as 
rendering a liquid bacteria-free but »ot virus-free; for many laboratory 
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purposes this is perfectly satisfactory but such fluids, e.g. serum 
“sterilised” by Seitz filtration, must not be regarded as safe for clinical 
use. 


TYPES OF FILTER 

The various types of filter used in bacteriological work are considered 
here, but some are clarifying filters and do not remove bacteria. 

(1) Earthenware candles, e.g. Berkefeld, Chamberland. 

(2) Asbestos and asbestos-paper disks, e.g. Seitz. 

(3) Sintered glass filters. 

(4) Cellulose membrane filters. 

Berkefeld Filters 

These are made from kieselguhr, a fossil diatomaceous earth found 
in deposits in Germany and other parts of the world. Filters made 
from this material are coarse — that is, have relatively large pores 
owing to the size of the granules forming the substance of &e filter. 
They are made in three grades of porosity — ^namely V (viel) the coarsest, 
W (wenig) the finest, and N (normal) intermediate. Of these, the 
Berkefeld V is the one usually employed, and it should not pass a small 
organism such as Serratia marcescens. 

A similar type to the Berkefeld is the Mandler filter, manufactured 
in the United States. 

These filters can be sterilised by steaming or autoclaving. After 
use they should be brushed with a stiff nail-brush and then boiled in 
distilled water. Before sterilising again, distilled water should be run 
through them to show that they are pervious. When the porm of 
earthenware or porcelain filters become clogged with organic matter 
they should be heated to redness in a muffle furnace and allowed to 
cool slowly. 

Chamberland Filters 

These are made of unglazed porcelain and are produced in various 
grades of porosity. The finer grades will pass only certain viruses of 
extreme minuteness, such as the viruses of foot-and-mouth disease and 
of fowl plague. The most porous, Lj, allows many oiganisms to pass, 
being merely a clarifying filter. The next three, Lia, and L,, are 
comparable with the Berkefeld V, N and W candles respectively. The 
porcelain filters may be used for the removal of organisms from fluid 
cultures in order to obtain the bacterial toxin. 

Seitx Filters 

This type consist of a disk of an asbestos oomposhiQn thtou|^ 
^hidb the fluid is passed. The dkk is inserted into a metal hol&r 
fiiat ensures a tight joint bang made. After use the asbestos did: is 
^Bearded and a new one onployed for each fihtatMm. Vaxknu aises 
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for laboratory work are available. The large size of Seitz filter, with 
14 cm. diameter disk, can be recommended for the sterilisation of 
large amounts of serum to be used in the preparation of media. The 
disks are supplied in three grades — termed clarifying (K), normal and 
“special EK”, The normal and EK grade of disk do not allow the 
ordinary test bacteria, e.g. Sen. marcescens, to pass. 

Similar disks are made in Britain, and are as reliable and efficient 
as the foreign ones. The grade GS corresponds to the EK, and the 
FCB to the K disks. These are supplied by A. Gallenkamp & Co. Ltd., 
London, and John C. Carlson, Ltd., Weir Mills, Mossley, Lancs. 

The filter is loosely assembled with the asbestos disk in position 
and the delivery tube passed through a rubber bung when a filtering 
flask is used. The whole is wrapped in kraft paper and sterilised in the 
steamer or autoclave. The filtering flask is plugged andmtted with an 
air filter. When using Seitz filters it is advisable to moisten the disk 
with sterile saline and then screw down tightly the uppM part of the 
metal on the softened asbestos before pouring in the Jiquid to be 
filtered. 

Sintered Glsus Filters 

These are made of finely ground glass fused sufficiently to make the 
small particles adhere. A special grade for sterilisation purposes is 
manufactured by supporting a specially fine (“grade 5”) filter on a 
coarser (“grade 3”) layer, and is known as the “3/5” t^e. These 
filters are attached to the filtering apparatus and sterilised in the 
same way as the Seitz filter, but care must be taken that extremes of 
temperature are avoided. After use they are washed with running 
water in the reverse direction. They should be cleaned with warm 
sulphuric acid to which has been added a quantity of potassium nitrate, 
and not with sulphuric-acid-bichromate mixture. 

Cellulose Membrane Filters 

Two types of cellulose membrane filters are available: the older 
type (gradocol membranes) are composed of cellulose nitrate whereas 
die modem membrane filters consist of cellulose acetate. 

Gradocol membranes . — ^Elford (1931) devised a technique for pre- 
paring collodion (nitro-cellulose) membranes of graded porosity which 
he termed gradocol membranes, sinc^ they are products of graded 
coagulation of collodion. Collodion filim show two types of structure: 

(a) microgel, which has a coarse structure visible microscopically, and 

(b) ultragel, the structural elements of which are not resolvable by 

the microscope, but which is built up of particulate matter. 
Hitherto, these membranes, although uniform, had not been 
sufficiently permeable for filtration work. 

The gradocol membranes possess the permeability of the microgel 
type, but have the ultragel stmcture and are very uniform in their 
porosity. They are made from an acetone solution of collodion diluted 
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with an ethyl-dcohol-ether mixture to wkidi are added varying amounts 
of amyl alcohol; 75 ml. of the mixture are poured into a shallow 
cell 20 cm. in diameter in a constant-temperature room (22’5° C.), 
allowed to evaporate for varying periods of one to three hours, 
and then washed over an extended period with distilled water. By 
varying the amount and composition of the collodion mixture, and the 
conditions of evaporation, permeable filters of average-pore size (APS) 
ranging from 3 ft down to 10 mfi or less have been prepared. It is 
possible to reproduce accurately at any time Biters of any desired 
permeability and porosity. The technical details are elaborate and of 
extreme importance. It is recommended that gradocol membranes 
are sterilised by steaming. Autoclaving is too drastic since it alters the 
permeability of the membrane. 

By means of these collodion membranes it has been possible to 
determine the size of many of the viruses. 

Modem membrane filters . — ^These filters were first developed by the 
Millipore Filter Corporation in America where they are referred to as 
“millipore” filters. Similar filters made by Courtaulds Limited and 
marketed by Oxo Limited as “Oxoid” membrane filters have been 
available in this country since 1955. The filters consist of cellulose 
acetate and are composed of two layers, a basal layer with pores of 
3-5 ft and an upper layer with pores of O'5-l-O ft in diameter. This 
stmcture gives a remarl^ble degree of porosity yet ensures that bacteria 
are trapped on the upper surface. The filters are effective in retaining 
Serratia marcescens. They withstand sterilisation by autoclaving at 
121° C. and may be stored indefinitely in a dry condition. They are 
made in a variety of sizes from 1*7 cm. to 14 cm. and can be fitted into 
metal or glass holders. 

Cellulose membrane filters have several advantages over the widely 
used Seitz asbestos filters. They are much less adsorptive and the rate 
of filtration is much greater. Also, bacteria retained on the surface of a 
membrane filter can be subsequently grovm by placii^; the filter in 
contact with culture media when, after suitable incubation, visible 
colonies will develop. This technique, which can be made quantitative,, 
has many varied applications (see p. 972). 

Technique of Filtration 

As fluids do not readily pass through filters by gravity, it is necessary 
to use positive or negative pressure. Suction is the most convenirat 
method of filtration, the fluid being drawn through the filter into a 
sterile container, usually a “fiiltering flask”, which is a conical &ssk of 
thick glass with a side-arm. 

The smallest negative pressure that produces satisfactory filtration 
should be use^ commencing with a small pressure and gradually 
increasing as filtration proceeds. For ordinary purposes a nc^tive 
pressure of 100-200 mm. of mercury is usually auflSdent. 

When using a filter of the Berkefeld type, tiie eartiienvnure “candle” 
IS fitted by means of a screw and washers into a cylindrical ^ass mantle, 
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and the metal tube of the filter passes through a rubber stopper which 
is fitted into the neck of the fia^. The side-arm of the nm is con- 
nected with an exhaust pump by pressure tubing. The fluid is poured 
into the mantle and after filtration is collected into the flask. The 
necessary suction is obtained by the usual form of water pump or by a 
mechanical air pump. The negative pressure is estimated by means 
of an attached mercury or other type of manometer. 

Similarly, when using other filters the metal tube may be inserted 
into a rubber bung which fits into a filtering flask. 

A disadvantage of the filtering flask is ^t the filtered fluid has to 
be transferred later to another container, and where it is desired to 
store filtered fluids, e.g. serum or culture media, contamination may 
occur in the process. It has also been observed that rubber bungs are 
not resilient after one autoclaving and do not again fit ratisfacto^y so 
that it is necessary to tie the bung to the filter ^k and\seal the joints 
with wax. 

As an alternative to a filtering flask a simple fitting\attached to a 
screw-capped bottle can be recommended. It consists 'of a straight 
piece of metal tubing, 6-7 mm. external diameter, surrounded by a 

wider piece of tubing to which is fitted a side- 
arm. The tubes are fitted into a metal screw- 
cap furnished with a washer to secure an air- 
tight joint (figure 51). The fitting is made 
preferably of stainless steel. Any of the screw- 
capped bottles can be used according to the 
amount of fluid to be filtered. As several sizes 
of bottles may fit one size of screw-cap, a few 
different sizes of cap will cover a range from 
a few ml. up to 4 litres. The filter employed 
is connected to the top of the fitting by pressure 
rubber tubing. 

One of the advantages of the metal screw- 
cap fitting is that when the filtrate has to be 
stored, e.g. toxin, serum, etc., it need not be 
removed from the container. An ordinary 
screw-cap for the bottle is wrapped in kraft 
paper and sterilised with the remainder of the 
Fio. 51 apparatus. After filtration the filter and screw 

attachment are removed, the ordinary cap is 
taken from its sterile wrapper and screwed on. Where the filtrate is to 
be kept for some time a vi^p over the screw-cap is recommended to 
exclude dust and obviate unauthorised opening. 

Filtration aS Small Amounts of Fluid 

With the smaller sizes of filters, a small test-tube may be arrai^ed 
inside the filtering flask so that the delivery tube of the filter projects 
into the open end of the tube and the filtered fluid is collected directly 
in the small tube instead of the flask itself. 

Centrifugal Filter . — ^A small amount of fluid may be conv^ictitly 
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filtered with a simple filter holder (supplied by H. A. Jones, Beaumaris, 
Anglesey) can^g a sterile screw-topped ^-oz. or 1-oz. at either 
end. The fluid is placed in one bottle and the holder, which is fitted 
with either a Seitz filter pad (1-8 cm.), or an “Oxoid” membrane filter 
(1*7 cm.) is screwed on to the top of Ae bottle. The second bottle is 
screwed on to the other end of the holder and the assembly then placed 
in a bucket of a centrifuge so that the empty bottle will be outermost. 
It is necessary to mat(£ balanced pairs of these filters in opposite 
buckets. Filtration is usually complete within ten minutes of centri- 
fugation. 


CHEMICAL METHODS OF DISINFECTION 

Chemical ‘sterilising’ agents arc widely used but few of them have 
any effect on spores. The terms dtsinfectant and antiseptic are generally 
applied to different types of substances. Disinfectants are potent but 
toxic preparations wluch are able to destroy pathogenic microorganisms 
but not necessarily resistant spores. They are suitable only for applica- 
tion to inanimate objects. Antiseptics are substances sufficiently non- 
toxic for superficial application to living tissue which either kill micro- 
organisms or prevent their growth. The mass of available data 
concerning these agents is often contradictory and it may be difficult 
to be dogmatic regarding the best preparation for a particular purpose. 

A few disinfectants and antiseptics wiffi their particular uses are 
mentioned here and elsewhere in this chapter. They receive further 
attention in Chapter 53 and for comprehensive treatment of the clinical 
aspects of this subject the reader is referred to Williams et d. (1960). 

(1) Volatile Antiseptics, e.g. Chloroform . — Chloroform is some- 
times used in the sterilisation and preservation of serum (for culture 
media), and the chloroform, which is added in the proportion of 0-25 
per cent., can later be removed by heating at 56° C. If the serum is to 
be used for making a coagulated serum medium {e.g. Ldffler’s medium) 
the chloroform will be removed by the heating applied for coagulation. 
Chloroform is used also for preserving culture media in bulk. Vege-- 
tative bacteria are killed by exposure to chloroform liquid or strong 
vapour within a minute or so. Plate cultures of vegetative bacteria are 
sometimes killed by exposure for a few minutes to the vapour of a little 
chloroform placed in the lid of the plate. 

(2) Antiseptics of the Phenol Group.— Liquor cresolis saponatus 
(lysol) and cresol are powerful antiseptics. Their chief use in a 
laboratory is for sterilising surgical instruments and discurded cultures, 
tod killing cultures acddenffy spilt by the worker. Lysol is generally 
used in a 3 per c«it. solution. Phenol, 0-5 per cent., or p-chloro-w- 
cresol, 0*1 per cent, is used for preserving sera and vacdnes. 

(3) Metallic Saks or Organic Cmpou^ of Metds.—«,g. mercuric 
chloride (perchbride of mercury) is sometimes used as a disinfedaBt 
'u a 1 in 1000 solution. “Merduolato”, a proprietary name for sodhinl 
cthylmercuritiiiosalic^te, is used in a dilution of 1 in 10,000 for foe 
preservMion of antitoxic and other sera. 
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(4) Formaldehyde. — ^This irritant water-soluble gas is highly lethal 
to all kinds of microbes and spores, killing bacterM spores almost as 
readily as the v^etative forms. It is cheap, and non-injurious to cloth- 
fiibrics, wood, leather, rubber, paints and metals, and can thus be used 
to disinfect rooms, furniture and a wide variety of articles liable to 
damage by heat {e.g. woollen blankets and clothing, shoes, respirators, 
hairbrushes, gum-e^tic catheters). It is applied as an aqueous solution 
or in gaseous form (Monthly Bull. Ministr. Hlth. Lab. ^rv., 1958). 

Disinfection mth Aqueous Formaldehyde Solution. — Commercial “for- 
malin” is a 40 per cent, (w/v) solution of formaldehyde in water 
containii^ 10 per cent, methanol to inhibit polymerisation. A dilution 
containing 5 or 10 per cent, formaldehyde in water is /a powerful and 
rapid disinfectant when applied directly to a contaminated surface. 

Bacterial cultures and suspensions are conunonly killed and fixed by 
addition of formaldehyde to a concentration of 0*04+1 -0 per cent., 
e.g. for preservation prior to counting or other measurements, and in 
preparation of a killed vaccine or agglutinable suspensior 

Cleaned metal instruments may be sterilised by overnight immersion 
in a borax-formaldehyde solution: 

Sodium tetraborate ... 50 g. 

Formaldehyde, 4 per cent, in water 1000 ml. 

Disinfection by Formaldehyde Gas. — Gaseous disinfection is required 
for articles that cannot be wetted completely with solution, or are 
damaged by wetting, but care is required to provide the proper con- 
ditions for action of the gas. Thus, the atmosphere must have a high 
relative humidity, over 60 per cent, and preferably 80-90 per cent., and 
a temperature of at least 18° C. Moreover, the materials must be 
arranged to allow free access of the gas to all infected surfaces, since its 
penetration into porous fabrics is slow. 

The gas is liberated by spraying or heating formalin, or by heating 
solid paraformaldehyde. When spraying cold formalin, an equal 
volume of industrial spirit (ethanol) may be added to prevent poly- 
merisation. The best method is by boiling formalin diluted with 
sufficient water to produce an adequate atmospheric humidity. Because 
of the tendency of the gas to polymerise to paraformaldehyde, the 
maximal vapour concentration attainable at 20° C. is about 2*0 mg. per 
litre of air; it is desirable to achieve this concentration. Higher 
concentrations, which may be potentially explosive, are attainable at 
higher temperatures. After disinfection, ^e article may contain 
sufficient paraformaldehyde to give off irritant vapour over a long 
period; this paraformaldehyde can be neutralised by exposure to 
ammonia vapour. 

Small articles, such as instruments, shoes and hair-brushes, are dis- 
infected by exposure for at least 3 hr. to fomuddehyde gas in an air-tigh^t 
cabinet of metal or painted wood. The gas is introduced into the air 
in the cabinet by boiling formalin in an electric boiler to the extent 
o£ 50 ml. of 40 per cent, formaldehyde per 100 cu. ft. of air spatx. 
Blankets and the surfaces of mattresses are disinfected similarly m ^ 
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Isu^ cabine^ where they are hung unfolded; to allow for absorption 
by the fabric, a much greater amount of formalin is used, namely 
500 ml. per lOO lb. of fabrics. The vapour is finally vented to the open 
air. Folded blankets and clothing can be disinfected only if some heat 
is applied. They are packed in the chamber of a steam-jadieted auto- 
clave, 100 ml. of formalm per 100 cu. ft. is placed in the bottom of foe 
chamber and foe chamber is heated at 100° C. for 3 hr. by passii^ 
free steam through foe jacket. The vapour is fimiUy vented through 
the autoclave vacuum system. 

(5) Ethylene Oxide . — ^This gaseous disinfectant is also highly lethal 
to all kinds of microbes and spores, but is capable of much more rapid 
diffusion into dry, porous materials. It is of particular value for 
sterilising articles liable to damage by heat, e.g. plastic and rubber 
articles, blankets, pharmaceutical products and complex apparatus such 
as heart-lung machines (Kelsey, 1961). It is a colourless liquid, boiling 
point 10'7° C. Above this temperature it is a moderately toxic gas 
which forms an explosive mixture when more than 3 per cent, is present 
in air. A non-explosive mixture, however, of 10 per cent, ethylene 
oxide in carbon dioxide, or in halogenated hydrocarbon can be employed 
for sterilisation. It is lethal to bacteria and viruses, and ki l ls spores 
almost as easily as vegetative cells. The sterilisation time depends, 
among other factors, on foe temperature of foe reaction and foe relative 
humidity, which ideally should be between 20 and 40 per cent. The 
test organism commonly used is Bacillus sttbtiHs. var glcbigU. Desic- 
cated organisms are difficult to kill especially if they have been dried 
on to a hard surface such as glass or plastic. Objects to be sterilised are 
placed in a cabinet from which foe air has been removed by drawing a 
high vacuum, and a non-explosive mixture containing ethylene oxide 
is then introduced to a pressure of 5-30 lb. per sq. in. above atmos- 
pheric pressure. The cabinet should be maintained at 45°-55° C. and 
water introduced, if necessary, to give a relative humidity of 30 per cent. 
After exposure for several hours or overnight, foe gas is removed by 
drawing a high vacuum. In a limited way efoylene oxide can be used 
as a sterilising agent in foe laboratory employing an anaerobic jar or a 
desiccator jar as the chamber. 


SOME SPECIAL APPUCAHONS OF STERILISING METHODS IN 
LABORATORY AND MEDICAL PRACnCE 

Autoclaving of Aqueous Solutions and Culture Media 

The autoclaving of aqueous solutions and culture media must be 
managed in such a way that the exposure to heat is sufficient for steril- 
isation, but not so excessive or probnged as to damage heat-sensitive 
ingredients. Culture media vary in hrat sensitiviQr. ^me, such as 
gelatin media, will not stand autoclaving and are sterilised by inter* 
mittent steaming at 100° C. Many other media can withstand auto- 
clavingjBt 121° C. for IS min., but are spoiled if heated at this tcmpm- 
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ture for 30-45 min., or if, after a 15-min. exposure, they are cooled 
so slowly as to be maintained above 100° C. for a further 30-60 min. 
Thus, sugars such as glucose, maltose and lactose may be partially 
decomposed to form acids, peptones may be broken down, and ^ar, 
especi^y in add media, may lose its ability to form a firm gel. The 
media should therdbre be autoclaved for the minimum period suffident 
for sterilisation and then cooled as rapidly as possible (^oide iitfra). 
fiottles of media should be of such a size that their whole contents are 
used on one occasion, so as to avoid the need for repeated sterilisation 
or melting. Agar medium should be sterilised when first made and 
melted, to avoid the extra heating needed to melt it on another 
occasion. I 

An exposure of the microbes to 121° C. for 10-12 min. is generally 
thought sufiicient for sterilisation. The holding period W sterilisation, 
which is timed to begin when the chamber steam first r^che8 121° C. 
at 15 lb. pressure, must include not only this 10-12 mlm. but also a 
time sufficient for the bottles, tubes, etc., and their contents to become 
heated up to the same temperature as the steam. The length of the 
heating-up period depends on the nature of the container, the volume 
of its contents and the mode of operation of the autoclave. Thus, it 
might be only 1-2 min. for 10-ml. volumes in test-tubes loosely placed 
to allow free circulation of steam, and as much as 45 min. for a fla^ 
of 9 litres. Ideally, the exact time should be determined by trial for 
the particular kind of container and volume of contents; the autoclave 
is fitted with a thermocouple and this is inserted in a test container to 
reveal its temperature throughout the course of autoclaving. In 
general, the following are recommended as the total holding periods m 
steam at 121° C.: 12 min. for 10-ml. volumes in loosely packed test- 
tubes, 15 min. for 10-ml. volumes in tubes tightly packed in wire 
baskets, 15 min. for volumes up to 100 ml. in bottles or flasks, 20-25 
min. for 500-ml. volumes, 25-30 min. for 1000-ml. volumes and 
35-45 min. for 2000-ml. volumes. It is a bad practice to autoclave 
large and small volumes in the same load, since with the same holding 
period {e.g. 20 min.) the former (e.g. 2000 ml.) may not be sterilised, 
yet the latter {e.g. 10 ml.) be damaged by overheating. 

The bottles, tubes, etc., should not be filled to more than 75-80 per 
cent, of their capacity lest the contents overflow on expansion during 
heating. The containers may be loosely stoppered, e.g. with cotton- 
wool plugs or loosely applied screw-raps, or else hermetically sealed, 
e.g. sealed ampoules and bottles withTtightly applied screw-raps. In 
sealed containers the aqueous content provides the conditions for moist- 
heat sterilisation and ilie presence of some air does not interfere with 
this. Hermetic sealing is an advantage in preventing loss of water 
from the contents by evaporation or violent boiling during the cooling 
period when the steam pressure is beii^ reduced. It also nrakes possible 
the autoclaving of solidified ^ medium without disruption by bubble 
formation. However, ratcept for the smallest bottles, the tight apphw' 
tion of a screw-rap increases the liability to breakage during autodaving 
and makes cooling-down slower. 



STERILISATION OF CULTURE MEDIA 705 

For these reasons, it is usual to autoclave aqueous media in con* 
tainers stoppered with cotton*wool, with loose metal csqts or with screw- 
caps which are loosened slightly. This practice necessitates careful 
management of die cooling period. When the steam supply to die 
chamber is stopped at the end of the holding period, the steam already 
in the chamber gradually cools and dimmishes in pressure. This 
induces evaporation of water from the medium in the container and 
escape of the vapour through the loose stopper. The eviration is the 
main means of coolii^ of the containers and contents. With the correct 
management the loss of water from the medium is only 3-5 per cent 
It is therefore usual to prepare aqueous media and solutions for auto- 
clavii^ by adding an extra 5 per cent, of distilled water, so that their 
concentration will be correct after the autoclaving. The cooling process 
should be managed in such a way that the chamber pressure diminishes 
gradually from 15 lb. per sq. in. to atmospheric pressure in the course of 
10-30 min., the optimal time varying with the volume of medium 
per container (15-20 min. is usually most satisfactory). The rate at 
which the chamber steam spontaneously cools and loses pressure, t.e. 
without opening of the chamber discharge valve, varies with the type 
of autoclave, the load and other conditions. The reduction to atmos- 
pheric pressure may occur in the desired time {e.g. 15-20 min.), or 
may take up to an hour or longer. The slower cooling is undesirable 
since it may result in damage to heat-sensitive materials. If necessary, 
therefore, the chamber discharge valve should be opened slightly so as 
to bring about a gradual reduction to atmospheric pressure over the 
proper period of time. Too rapid a reduction must be avoided, since 
the media would then boil explosively. Some modem autoclaves, 
specially designed for sterilising aqueous media, incorporate a device 
which effects rapid cooling witihout violent boiling; t^ may involve 
ihe replacement of chamber steam with air at the same pressure, or 
spraying of the load with condensate at a temperature slightly below 
that of the steam. 

When the pressure gauge shows that the steam in the chamber has 
readied 0 lb. per sq. in. (atmospheric pressure), air is at once admitted 
into the chamW, through the air inlet and filter if available, or tiirougb 
the chamber dischaige tap, or by opening the chamber drar slightly. 
If this is not done until the pressure has faUen below atmospheric, more 
water vtrill be lost by evaporation from the contdners. When sufiSdentiy 
cool, e.g. below 70° C., the containers are removed from the autoclave 
and their screw-caps tightened firmly. 

Autoclaoing in "Free Steawi”.— When a Kodh or Arnold steamer is 
not available, an autoclave may be used to sterilise culture media at a 
tenqterature of 100° C., or just over. Hie door of the chamber is 
tightly dosed, the steam supply turned on and the air expelled through 
the open dischaige tap. Ater expulsion of the air, the steam siq^ is 
adjusted so that an adequate amount continues to escape fhn»4[h tibe 
open tap, and a prefcure of 1-2 lb. (above atmospheric) is nuntOamed 
in the timber during the holding period; tUsmiqr be less than the 
ordinary steamer {e.g. 60 min.). 

2y 
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$ter£liiatio0 of Bottled Fluid* 

Hydrated fluids, as used for therapeutic intravenous infuaiom, can 
be sterilised in a relatively simple manner because any contaminating 
bacteria will already be moist and their destruction merely necessitates 
tbe fluid in each container to the appropriate temperature and 
holding it there for the appropriate time viz. 121“ C. for 12 min. or 
1 15° C. for 30 min. (M.R.C. Report 1959). Unduly prolonged exposure 
periods are to be avoided since deterioration of the solutions may result. 
Water itself should be sterilised in this way as it is the only safe method 
of preparing and handling sterile water for use in opera^g theatres and 
elsewhere. For sterilising bottled fluids a gravity displacement auto- 
clave is satisfactory. It does not need to be jacketed Wd it does not 
require a vacuum-producing apparatus. The autoclaves employed are 
often large and heat “layering” may be present. The rate and evenness 
of heating can be improved by introducing steam through a number 
of inlets so that turbulence of the steam/air mixture is produced 
(Wilkinson & Peacock, 1961). Excessive bre^ge, the result of heating 
or cooling the bottles too quickly, has to be avoided and the process 
is a slow one. However, devices are being developed to give more 
rapid cooling and shorten the whole cycle of sterilisation. 


Sterilisation of Empty Bottles and Impervious Containers 

If empty and dry containers are to be autoclaved, they must not be 
tightly stoppered, since steam would be excluded and sterilisation by 
moist heat impossible. They should be placed on their sides in the 
autoclave to allow a horizontal path for the entry of steam and escape 
of air. If tmstoppered, they wiU be sterilised quickly, but if stoppered 
even loosely, as with cotton-wool or a loosened screw-cap, the displace- 
ment of air is slow and the holding period at 121 “ C. should be extended 
to at least 30 min. Because of me uncertainty of air displacement 
from stoppered empty containers, it is better to sterilise them in the 
hot-air oven. 

The disadvantage of dry heat sterilisation, however, is that the liner 
imide the screw-cap is usually made of rubber which perishes at the 
high temperatures (160° C.) employed but this problem can be over- 
come by using liners made of silicone rubber (available from ESCO 
(Rubber) Ltd., Seal Street, London, E.^). Although expensive, silicone 
rubber is able to withstand repeated exposures in the hot air oven and 
being more porous than ordinary rubber the caps may be screwed down 
tightiy without the risk of the bottle exploding during sterilisation. 

^mrilisirtioii ct Wnqpped Dry Goods and Surgical Dressing* 

Dry porous goods such as paper- or cloth-wrapped apparatus, wd 
surgical linen and dressings, require special attention in autoclavii^. 
firstly to ensure the complete displacement of air from their interior 
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by steam, and secoi^y to them before removal from the autodave 
(for much det^ed infor^lion consult the M.R.C. Report 1959). 

In conventional sterilisers the air is removed by the grcmity ^Usphm- 
fftent method, being driven downwards through the load by me lighter 
steam accumulating above it. This method requires riiat the lo^ be 
carefully packed so that adequate spaces are left for circulation of steam 
between me packs and that a free downward movement of air is possible 
through the materials of each pack. Dry materials must not be enclosed 
in seaded impervious containers which prevent the entry of steam and 
escape of air. Glass and metal containers are left open or covered only 
loosely, and placed on their sides. Metal drums and caskets must be 
provided with air ports and these must not be obstructed by the 
contents being packed against them. The ports must always be fully 
open during sterilisation and the container so positioned in the 
autoclave that steam can flow through freely from top to bottom via 
the open vents. Formerly, dressing drums were round, but rectangular 
caskets, much more easy to pack and handle, are now being introduced. 

It must be stressed that a drum which can only be closed with difficulty 
IS grossly overpacked. In many ways it is preferable to pack materials 
m a wrapper of porous cloth or paper, since this allows a much freer 
passage of air and steam. For surgicd packs, a wrapping of at least 
two layers of good muslin is recommended. A single layer of coarse 
brown (kraft) paper is also satisfactory, though more likely to be tom 
in the handling of large packages. A paper wrapping is commonly 
used for small articles of laboratory apparatus (see Maintenance of 
Sterility). 

Surgical dressings and other cloth articles should be arranged in 
packs no bigger than 12 x 12 x 20 inches, and these should be pk^ on 
edge in the autoclave so that the layers of cloth are vertical. Rubber 
gloves are powdered and packed loosely in muslin wraps, with pads 
of muslin in the palm and folds to allow access of steam to all parts. 
In an attempt to minimise deterioration it used to be customary to 
autoclave rubber gloves at 5 to 10 lb. pressure for a short period of 
time. Such exposures do not guarantee sterility and gloves ^uld be 
autoclaved at the same temperature as other packi^ed goods. Treat* 
meat in a h^h-pressure, high-vacuum steriliser requires only a brief 
exposure at 130M34‘’ C. and this probably combines safety triffi 
nunimum deterioration (M.R.C. Report 1960). Tubing is wetted iiteide 
with water just before placing in the autoclave. Instruments and 
syringes must be free hrom oil and grease, jointed instruments <men, nu} 
syringes either disassembled or dse moistened internally with water. 
The autoclave chamber must not be overloaded nor the perforated tnqr 
removed to make more room. 

Vacuum Rmoml of Air,—Tbt venturi vacuum device that is 
<^mmonly incorporated in autoclaves to assist drying can draw a 
partial vacuum only and remove no more than a thM to a hatf of the 
sir from die chamber. This vacuum is sometimes applied befwe the 
sdmission cd steam, but the partial evacuatioa of air is of littlb vshte, 
Sometimte tlus vacuum is drawn two or more times, iteam 
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between eadi vacuum. In the case of textiles such repeated 
evacuation merely produces a “breathing” motion of Ae same air inside 
the materiaL In fact, if prolonged, the result of this type of vacuum 
may be overdrying and injurious superheating of the load. On the 
other hand) vacuum removal of more than 98 per cent, of the air is 
employed to great advantage in modem “high pre-vacuum” sterilisers. 
The high pre-vacuum contributes to the efficient steam sterilisation of 
dressings, helping to produce a dry sterile load in the shortest possible 
time without causing damage (Fallon, 1961). It should be emphasised 
that this method is the only one which overcomes the effects of bad 
packing and overloading. 

Avoidance of Damage by Superheating. — Cloth and fcubber articles 
are liable to be damaged by excessive heating. Whenlvery dry cloth 
is first exposed to steam, it adsorbs and condenses an excessive amount 
of it and receives the corresponding excess of latent heat; \this may raise 
its temperature to 25°-100° C. above that of the autoclave. Freshly 
laundered fabrics contain sufficient moisture to prevent this and so 
should not be stored overlong in a place of low humidity before being 
sterilised, nor be subjected to dryit^ by pre-heating in the steriliser or a 
prolonged application of vaccum. Heating in steam mixed with some 
air is more damaging than heating in pure steam, especially in the case 
of rubber articles. 

The Duration of the Holding Period at 121° C. — The holding period 
is timed as beginning when die discharge-channel thermometer first 
indicates 121 ° C. All free air has then been displaced from the chamber, 
but some still remains trapped in the interior of the porous load. The 
further time required for the steam to penetrate all parts, displace the 
air and heat the load throughout to 121° C., may extend to 30 min. 
or even longer. This "steam penetration time” must be added to the 
“sterilising time” of 12 min. in computing the holding period. The 
following are generally recommended as the total holding times at 
121° C.: 15-20 min. for muslin- or paper-wrapped instruments, 
rubber gloves and open metal or glass containers; 30 min. for muslin- 
or paper-wrapped packs of surgical linen and dressings, wrapped 
S3rringes, and loosely stoppered metal or glass containers; 45 min. for 
metal surgical dressing drums with muslin liners. The holding period 
is much shorter when a high pre-vacuum steriliser is employed. Once 
the pre-sterilisation vacuum has been drawn, heating up and full pene- 
tration by steam of a load of textiles firmly packed in dressing drums 
will be accomplished in 3 min. and the sterilisation time is also shorter, 
e.g. 3 min. at 135° C. (see table, p. 709). 

Drying of the Load. — The load is (Med during the cooling period. 
The supply of steam at 121° C. is maintained in ffie jacket, while that 
to the cMmber is cut off. The chamber steam is allowed to escape 
rapidly through the discharge tap until zero gauge pressure is reached. 
The moisture of the load is then evaporated by ffie residual heat of the 
articles and radiant heat from the jacketed wails of the chamber. The 
drying is assisted to completion by the removal of vr^ur from the 
chamber. The venturi device is used to suck warmed, filtered air into 
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and through the chamber; tinia carries away the vapour and dries the 
load in 15-25 min. The air allowed into the chamber must be drawn 
through sn efficient filter to free it from dust-borne bacteria which 
otherwise might enter the sterilised packages. 

Without the concurrent admission of dr, the application of ffie 
partial vacuum (15 in. Hg. or Iras) obtainable by the venturi device is 
quite inadequate to effect drying. Alternatively as loi^; as ffie load b 
not wet from inadequately dried steam the attdning of a vacuiun of 
20 in. Hg. or more should be sufficient to achieve (hying since water 
retained in the load will “boil off” more rapidly at this reduced chamber 
pressure. Filtered air is still required, however, to break the va<aium 
before the steriliser is opened. Thus in a mo<iem high pre-vacuum 
autoclave the drying period is very short. The table shows how the 
overall process time for a load of surgical dressings is greatly reduced 
by employing a high pre-va<juum autoclave (Bowie, 1958). 


Process Time in a 9 cu. ft. Gravity 
Displacement Steriliser 
(LoAD-Dressings packed loosely in caskets) 

Process Time in a 9 cu. ft. High 
Pre-Vacuum Steriliser 
(LoAD-Dresrtiflgr firmly packed in caskets) 

Time 

Time for thermometer to indi- 
cate nV C (250° F.) . 10 

Estimated penetrating and heat- 
ing-up time ... 27 

Sterilisation holding period . 12 

Safety margin ... 6 

Vacuum drying period . . 25 

j Total . . 80 

Comparison of process times in a gravi 
1 steriliser (after Bowie, 1958). 

i 

Time to draw pre-sterilisation 
vacuum .... 7 

Time for thermometer to indi- 
cate 134° C. (273° F.) . 3 

(includes steam penetration and 
heating-up time.) 

Sterilisation holding period . 2 

Safety margin ... 1 

Vacuum drying period . . 3 

Breaking vacuum ... 1 

Total . . 17 

ty displacement and a high pre-vacuum 


Sterilisation c£ Surgical Instruments 

Boiling is effective only when 2 per cent, sodium carbonate or a 
germicide has been added to the water and there is always the riric of 
recontamination when the instruments are being washed before use to 
free them from these substances. Moreover, there may be a tendency 
to shorten the process in order to please the waiting surgeon. As a 
result the use of small pressure sterilisers that will ensure me safety of 
unwrapped instruments and bowk is to be preferred. Su<ffi autoclaves 
^ be of simple design and since heatup; up and penetration are 
instantaneous ffie process time is short, rapecialiy if the steriliser can be 
operated at 132M34° C. 

Heat is said to blunt sharp instruments but this effect is mainly due 
to oxidation and damage should not be caused by pure steam. Itie 
only established chemical sterilising agents are effiylene oxide and 
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formaldehyde and they can be used to sterilise instrumwito such as 
scalpels. Complex pieces of apparatus like cystoscopes, which cannot 
witl^d heat even at 100® C., may often be rendered safe for their 
particular purposes by removing ^ vegetative organisms including 
Mycoibocteriutn tuberculosis. PMteurisation at 75 C. or treatment with 
ch l orhe xidi pe preferably in 75 per cent, ethanol can be recommended 
for this purpose. 


Sterilisation of Syringes 

As syringes play an important part in the work of bacteriological 
laboratories and hospital wards, particular attention must be given to 
their use, care and sterilisation. Sterilisation by heat isi the method of 
choice and chemical agents are in general unsatisfactory 

It is reconunended that all-glass syringes should be tued in prefer- 
ence to the glass-metal syringe of the “Record” type, owr which they 
have many advantages. The glass-metal ^pe is more difficult to clean, 
and is more likely to break on heating owing to the difference of ex- 
pansion of glass and metal. It cannot be sterilised when assembled and 
is more difficult to keep sterile until ready for use. The solder uniting 
the glass and metal parts may melt in the hot-air oven, and may even 
do so in the autoclave. Syringes are now available, however, with 
cement at the glass-metal junction that will withstand 200® C. Syringes 
of 5 ml. capacity and upwards should have excentric nozzles. The 
needles should be of stainless steel of the best quality. Th^ mounts of 
the needles must fit accurately to the nozzle of the syringe. 

All-glass Syringes . — Before being put into use, new syringes must 
be well washed in soap and water with a test-tube brush or burette 
brush according to size. After washing in clean, warm water, both 
barrel and piston are dried. 

In a laboratory it is convenient to have the syringes assembled, 
wrapped and sterilised, ready for use, and to have a supply of these 
sterilised syringes always on hand. When this service is not available, 
all-glass syringes may be sterilised just before use by boiling in a fish 
ketde or saucepan. If the tap water is hard it is best to use distilled 
water. The syringe is dismanried and the barrel and piston are placed in 
cold water, which is brought to the boil and kept boiling for not less 
than 5 min. The perforated tray is removed from the steriliser, the 
water poured off and the tray returned to the steriliser, which is covered 
immediately. When dry and cool enough, the barrel and piston 
are assembled with sterile forceps or clean, dry fingers, touching only 
the outside of the barrel and the top of the piston. The sitoe syringe 
should be used immediately and not placed in stock “sterile” water or 
alcohol. The needle should be boiled at the same time, and it is an 
advant^ to thread it through a piece of lint to protect the point. Tl 
needle is affixed to the nozzle by means of sterile forceps. 

It is much better, however, to sterilise all-glass syringes in the ho 
air oven as follows. New syringes are cleans as above in soap ai 
water, washed and dried. The piston is lightly smeared with liqu 
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paraffiot paraffin being well rubbed into the ground with the 
finger, inserted into the barrel, and moved backwards and forwards 
severid times so that the symge works evenly and smoothly. Bbtcess of 
liquid paraffin is to be avoided. The assonbled syringe is placed in a 
stout glass tube of such diameter that the barrd of the syringe fits 
loosely and the flange rests on the top of the tube. The tube shomd be 
of such length that it accommodates the s}rringe with needle fitted. 
The tube containing the syringe is then wrappM in clear transparent 
cellophan or similar material, a strip of material of the following sizes 
being used: for 1-ml. and 2-ml. syringes 3 in. x 9 in., for 5-ml. 4 in. x 
11 in., for 10-ml. and 20-ml. 5 in. x 14 in. The cellophan is rolled in a 
spiral fashion round the tube, conunencing at the bottom with a fold 
and tum-in, and finishing above the piston of the syringe with a firm 
twist. If cellophan is not available, kraft paper can be used, but the 
disadvantage of this is that the syringe cannot be seen, and relevant 
information, e.g. size of syrii^e, etc., must be written in pencil on the 
paper. Alternatively the syringe may be packed in a metal tube, 
usually made of aluminium. 

The assembled and wrapped syringe is sterilised in the hot-air 
oven at 160° C. ( ± 2° C.) for not less than 1 hr. Under these conditions 
the cellophan turns slightly brown, indicating to the user that the 
syringe has been subjected to sterilisation. The syringe remains sterile 
indefinitely in its wrapping and is alwajrs ready for use. 

Needles are sterilised in 3 in. x | in. test-tubes plugged with cotton- 
wool. In order to protect the point of the needle, a piece of 5-mm. glass 
tubing 2 in. long is placed in the tube and the point of the needle 
passed down it so that the mount of the needle rests on the tubii^. The 
cotton-wool plug keeps the needle in place. The tubes with contained 
needles are individudly wrapped in cellophan and sterilised as above 
at 160° C. for 1 hr. 

When large numbers of syringes have to be handled some form of 
conveyor oven has many advantages. The assembly consists of a heated 
msulated tunnel through which a metal moving belt carried the articles 
to be sterilised. This enables a continuous and large output of mateiM 
and should ensure standard heat treatment. Sudi an apparatus, with 
a series of infra-red projectors which produce rapid heating of the 
moving load, has been described by Darmady et al. (1957). 

Sterilisation in the autoclave is only possible if steam is able to 
penetrate to every surface of the syringe. In practice this means that 
the piston must not be smeared with lubricant and if packed in an 
impervious ^tainer this must not be sealed tmtil u^ter the qrringe has 
been sterilis^ Assembled syringes may be sterilmd in a high pre- 
vacuum autoclave but in a gravity-di^lacement steriliser tiie synnge 
must be dismantled otherwise air discharge would be inefficient. 

After ffie syringe has beat used, e.g'. for bloodoulture, aspirstimi, eti:., 
it is foonedMtefy washed out in a cedd solution of 2 per cent ^nol, winch 
should always be ready for the purpose. Kood must never be sdlowed 
to clot in foe syringe, otheswae it -im be dij^mlt to teinove the {MStoit 
Hot fluid must not tw uMd, odierwise it wfll coagulate tike prawn aod 
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the piston will stick. If the needle has been removed before the blood, 
etc., is expelled, it must immediately be cleaned after the syringe has 
been washed out by affixing it to the syringe again and waslung it 
through with the lysol solution. After washing, syringe and needle 
are returned to the tube in which they were sterilised. 

Before re-sterilising, the syringe is thoroughly cleaned in soapy water, 
a brush being used, then washed in clean, warm water and dried. If it 
is to be sterilised by dry heat it is finally lubricated with liquid paraffin, 
before assembly. 

The needle is washed in warm water, the bore of the needle cleared 
with a stilette, and the mount of the needle cleaned with a piece of 
cotton-wool on a swab-stick to remove any blood, etc| After washing 
it with warm water it is run through with alcohol and allowed to dry. 
Before being sterilised the point is touched up on a fiiip Arkansas slip- 
stone (size 4 in. X 1 J in.), lubricated with thin machine oil or liquid 
paraffin, and examined with an 8 x hand-lens to see mat the point is 
really sharp. It is then run through with the stilette, washed in alcohol 
and dried. 

Glass^Metal {'*Record*^) Syringes . — These cannot be sterilised as 
above described because the solder-cement joining the glass and metal 
parts together may melt in the hot-air oven. Moreover, they cannot be 
sterilised, while assembled, by any heat method as the unequal expan- 
sion of glass and metal causes cracking of the barrel. In order to sterilise 
Record type syringes they must be taken apart. The Record type 
syringe is usually sterilised by boiling for 5 min. as described above 
for dl-glass syringes. Alternatively, the piston and barrel can be 
wrapped separately in kraft paper and sterilised in the autoclave, 
although it should be noted that the solder-cement in some makes may 
melt even at this temperature. 

Glass-metal syringes are washed out immediately after use as 
described above, and the needles are cleaned and sharpened as for all- 
glass syringes. 


Disinfectioo of Rooms 

Fumigation with gaseous disinfectants was at one time commonly 
performed after a room had been occupied by a patient with an infec- 
tious disease. Sulphur dioxide, generated by burning sulphur, was the 
popular agent for this purpose but4t is effective only if the relative 
humidity is 60 per cent, or more. 

Terminal disinfection is now practised only if the environment has 
been contaminated with the organisms of a serious infectious disease 
such as anthrax, smallpox or tuberculosis and formaldehyde is generally 
used. 

Disinfection of Rooms by Spraying Formalin (Jack, 1952, 1954). — ^This 
is probably the most effective means of disinfecting the interior and 
funiiture of a room. The room is first well sealed by covering cracks, 
ventilators, fireplaces, etc., with brown paper and adhesive tape. An 
operator protected by an efficient anti-gas respirator thoroughly moistens 
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all surfaces of the walls, floor and furniture with a spray of 10 per cent, 
formalddiyde solution (1 volume of formalin and 3 volumes of water), 
and finally saturates the atmosphere by spraying undiluted formalin 
to the extent of 1 litre per 1000 cu. ft. The room is closed by sealing 
the door and left for 24 hr. A basin of ammonia solution is then 
introduced and left to evaporate for several hours (1 litre SG 880 
ammonia solution mixed with 1 litre of water per litre of 40 per cent, 
formaldehyde used). This neutralises the formaldehyde and parafor- 
maldehyde, and the excess ammonia is readily removed by ventilation. 

Disinfection cf Rooms with Formaldehyde Vapour . — ^The room is sealed 
as described above and heated, if necessary, to above 18° C. Formalin 
is boiled within the room in an electric boiler having a safety plug which 
kicks out when the vessel boils dry and a time switch set to cut off the 
current just prior to this; 500 ml. of 40 per cent, formaldehyde plus 
1000 ml. water are boiled per 1000 cu. ft. of air space. The room is 
kept sealed for 4-24 hr. and an operator wearing a respirator then 
introduces a cloth soaked in ammonia solution (250 ml. per litre of 
formalin used). This is left for 2 hr. to neutralise the formaldehyde. 


DisinfecUon of Bedclothes 

The bedding of a patient or carrier is liable to become heavily con- 
taminated with pathogenic bacteria such as Staph, aureus and Strept. 
pyogeneSt and, when disturbed, liberates large numbers of these into tiie 
air. Cotton and linen sheets, and blankets made from cotton or some 
synthetic fibres (Calnan, 1959), may be sterilised by boiling during 
laundering and it has been recommended that these blankets replace 
the conventional woollen ones which shrink on boiling. High tem- 
perature laundering of woollen blankets sufficient to destroy vegetative 
bacteria is feasible, however, if a slightly acid detergent mixture is used. 
Alternatively woollen blankets can be rendered safe by exposure to 
suitable chemical agents. Treatment with gaseous disinfectants such 
as formaldehyde vapour or ethylene oxide is effective but requires special 
equipment. Simpler methods include impregnation of the blankets 
with either quaternary anunonium disinfectants or synthetic phenolic 
compounds (Larkin et al., 1961). Application of oil to the blankets in 
the last stage of the laundering process reduces the subsequent scatter 
of organisms. 


Disinfection of Skin 

The bacterial flora of the skin may be divided into the rni^snt 
flora and the transient flora. The resident flora consist of bactecm that 
grow in the glands and hair follicles of tihe skin and it is veiy difficult 
to remove entirety. However, it is cmnposed mainly of harmless 
Mnunensal organmms such as Staph, albas and corynelmctsnia. Some- 
times it includes Su^. oareur. The transient flora, made Up of 
bacteria acquired from ffie mrvironment^ t^ben oontsmis potmiSial 
pathogens. The first attain skin diaiidPoctbtt is thorou^wtMiing end 
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scrubbiag in warm water with soap or some other sur&ce-teaaion 
reducing agent, e.g. a disinfectant cationic detergtmt such as cetiimide 
(“Cetavlon”) or benzalkonium chloride (“Roccal”). A prolonged 
general reduction in skin flora can be achieved by the repeated and 
exclusive use of a detergent containing 2 to 3 per cent. hexacUorophene, 
After the skin is washed, it may be rinsed in 70 per cent, ethanol, which 
dries rapidly and has a transient bactericidal effect. The action of the 
alcohol is slightly improved by the addition of 0*5 per cent, chlor- 
hexidine. 

Where strict asepsis is required, as m surgery, it is necessary to wear 
sterile rubber gloves which are impervious to the organisms on the skin. 
As there is always a danger of the gloves being perforatjed during use, it 
is important before dotming them to remove as many of the bacteria 
from the hands as possible. This may be done as above. The addition 
of neomycin and bacitracin to the glove powder will reduce substantially 
the number of bacteria deposited inside surgical glo\W during use. 
Since the operator’s hands may have to be disinfected ^peatedly it is 
essential that non-irritant agents are employed, but when only a single 
application is required, as in preparing the skin of a patient or animal 
for incision or puncture, stronger disinfectants may be used, e.g 
tincture of iodine or 5 per cent, phenol solution or a strong solution of 
chloroxylenol (e.g. “Dettol”). Recently, however, it has been shown 
that 0*5 per cent, chlorhexidine in 70 per cent, effianol is as effective 
a disinfectant as 1 per cent, iodine in alcohol and its use is free from the 
risks of sensitisation and irritation. For further details see Lowbury 
(1961). 


MAINTENANCE OF STERILITY 

Once articles have been rendered sterile it is essential that they are 
handled and stored in such a way as to prevent recontamination before 
they are used. 

Test Tubes and Flasks. — ^The interiors of test-tubes, flasks, bottles, 
etc., must be carefully protected from bacterial contamination due to 
access of air, dust, etc., before and after the addition of medium and 
during the subsequent cultivation of organisms. This has usually b^n 
done by means of cotton-wool stoppers. These should be l^-H ^ 
long, }-l in. being inserted into the mouth of the tube, etc., and the 
remainder projecting. They should flt firmly, but not so tightly as to 
render their removal difficult. 

The stoppers should be made from loi^-fibre cotton-wool which is 
free from short broken fibres and dust. Non-absorbent cotton is 
preferable, because, after steaming, plugs tend to remain moist, and 
if the medium is to be kept for any lengffi of time and absorbent wool 
is used, moulds will grow through fire stopper and contaminate the 
medium. A sufficient amount of cotton-wool (vide supra) should be 
forced into the tube with a rod or pair of forc^, but should not be 
twisted in, as creases are formed along the sides of the glass and create 
channels for contaminating oxganisnu. 
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Instead of the ordinary roll of cotton-wool being used, it is recom- 
mended that the non-al^rbent wool be obtained in the form of a 
long thin ribbon known as “rope wool” or “neck wool” of the type 
used by hairdressers. It is kept in a tin container with a hole in the lid, 
and the appropriate amount of wool for the stopper is easily obtained 
without waste. 

When tubes or flasks have to be stored for some time the stoppers 
or tops of the crates or boxes should be covered with sterile kraft 
paper, kept in place be means of flne string or a rubber band. Sterile 
rubber stoppers may, in some cases, be used instead of cotton-wool, 
particularly where ihe contents of the flask or tube have to be kept a 
considerable time, as in the case of immune sera; this also applies to 
vessels that have to be transported by post or by messenger. 

Slip-on aluminium caps of various patterns are av^ble for use 
instead of cotton-wool plugs, for the stoppering of test tubes. They 
have the advantage of protecting the rim of the tube from airborne dust 
d their use thus makes unnecessary the conventional “flamii^” of 
e mouth of the tube on each occasion of its opening. These caps 
ould be used for cultures of delicate organisms that are affected by 
icic volatile substances liberated from cotton-wool during the process 
sterilisation. 

Scritv-capped Bottles . — Flasks for storing culture media have now 
;en replaced by screw-capped bottles of 3-, 5- and 10-oz. capaci^, 
hile the smaller bottles of J-, and 1-oz. capacity may be employ^ 
stead of test-tubes. 

Petri Dishes . — Each individual dish should be wrapped in kraft 
iper before sterilisation, and kept in the paper until used. For a 4-in. 
sh the size of paper should be 12 in. square. The dishes may also 
: sterilised (unwrapped) and kept in cylindrical tinned-copper boxes. 

Pipettes. — 1-ml. and 10-ml. graduated pipettes should be wrapped 
I a long strip of kraft paper, which is wound round them in a spiral 
tanner before sterilising in the hot-air oven. Bulb pipettes (10 ml., 

0 ml., etc.) are also covered with kraft paper. Under these conditions 
ipettes remain sterile in their wrappers for considerable periods of 
me. Alternatively they may be sterilised and stored in suitable 
antsters. 

Capillary pipettes are sterilised in large test-tubes 15 in. x 2| in., 
tavmg a gauze or cotton-wool stopper, or in tinned-copper boxes. 
Ibe former method is preferable. Alternatively, 8-in. lei^;w of 5-min. 
;las3 tubing are plugged with cotton-wool at both ends, wrapp^ in 
>atches of a dozen in kraft paq)er, sterilised and stored. "Warn capillary 
|>ipette8 are required, the middle of the tubing is heated in a Bus^ or 
i>lovq>ipe and pulted out, the ends of the two pipettes being sealed in 
making. 

Ampoules are sterilised in the hot-air oven with the necks sealed, 
are ke|>t in metal boxes. If unsealed ampoules are used, they 
would be plujis^ed with cotton-wool before sterilisatbn. 

It must be empbasiaed that a wrapping kraft paper or double- 
dttckness muslin is efl^ective in ecchiamg contaminating bacteida eufy 
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when it is dry. If the wrapped articles are sterilised in an autodave 
instead of a hot-air oven, they must be dried before placing on an 
unsterile surface. 

Surgical Dressings . — ^The M.R.C. Report (1959) points out that a 
load sterilised in the autoclave may become contaminated during 
removal from the steriliser, in transport or during subsequent storage. 
It is essential that metal dressing drums should have tightly fitting lids 
and a protective lining that will cover the ports inside the drums. 
Wrapped packs on removal from the autoclave should not at once be 
placed on a cold fiat surface, since residual moisture will condense on 
this, make damp the fabric or paper wrapping, and so permit the entry 
of contaminating bacteria. Alder and Alder (1961)| measured the re- 
contamination rate of dressings wrapped in different materials. They 
concluded that paper was more efficient than eithen calico or balloon 
cloth and that one layer of any of these materials waB better than two 
layers of muslin. Crepe paper is usually preferred to kraft paper 
because it drapes better and it is always advisable to use a double layer 
in case the outer covering becomes tom. As an extra precaution the 
double-wrapped packs may be enclosed in rigid or semi-rigid con- 
tainers such as cardboard cartons. The shelf life after sterilisation of 
dressings packaged in this way is several weeks and this period can be 
prolonged if storage conditions are good. 

Pre-sterilised materials . — Disposable syringes, catheters and needles 
sterilised by gamma radiation are usually marketed in plastic envelopes. 
It must be emphasised that a high standard of packaging is necessary if 
such pre-sterilised products are to remain sterile. Particular attention 
must be paid to the sealing of the container. 


CENTRAL STERILE SUPPLY IN HOSPITALS 

The supply of sterile articles from a central source in a hospital 
has evolved in the last few years as a development of central sterile 
syringe services. Central sterile supply departments (CSSD) have 
been widely introduced in the United States and the need for them m 
hospitals in Great Britain is apparent when current sterilising practice 
is critically examined (Nuffield Provincial Hospitals Trust Report, 
1958). 

The advantages of Central Sterile Supply are many. These depart- . 
ments should be expertly supervised by a specially trained senior mem- 
ber of the nursing staff or a pharmacist who is responsible to a special : 
medical committee and they should be staffed by technicians and 
orderlies familiar with modem sterilising methods. This frees nurses 
from routine repetitive tasks such as cleaning syringes, making sv^hs 
and packii^ dressing drums and allows them to spend more time 
looking after their patients. Also, because of the centralisation, expensive 
automatically controlled equipment can be used intell^nuy and 
economically to ensure the efficiency of sterilising procedures. A 
hospital requires a much smaller number of autoclaves vshen the gt®** 
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poteatial ou^ut of a pre-vacuum steriliser (about 3 to 5 times that 
of a gtavity displacement instrument of the same cubic capacity) can 
be fuUy utilised. No sterilisation is done in wards or departments and 
theatres sterilise only their own bowls and instruments. As a result 
space is vacated and the old sterilising rooms can become much-needed 
dressing rooms or isolation cubicles. The CSSD provides a number 
of different dressmg and instrument pacb and the contents of each pack 
should be used at the time it is opened. This eliminates buk packs 
which are entered on a number of occasions and so increases the 
safety of many ward and theatre procedures. 

A hospital may have its own CSSD or a number of hospitals in 
a given area may be supplied from one department. Sterilisation is 
effected by heat and the basic equipment is hot air ovens (perhaps a 
conveyor-belt oven) and autoclaves (probably of high pre-vacuum type). 
Apparatus for sterilisation by gamma radiation is too expensive for a 
CSSD but it may be an economy to issue comercially prepared dis- 
posable articles such as needles and syringes which have been sterilised 
in this way. The CSSD is organised in three separate sections, 
“dirty”, “clean" and “sterile”. Apparatus and materials returned dirty 
which have to be used again, such as syringes and rubber gloves, are 
first of all cleaned. These pass to the next section along with freshly 
laundered fabrics where packing of all clean materials is carried out 
Sterilisation is the third phase followed by careful storage of the sterile 
materials prior to distribution. For further details see Griffin et td. 
(1962) and Welch (1961). 


PREPARATION OF BACTERIAL VACCINES 

The method to be described refers mainly to the preparation of 
vaccines on a small scale, such as eaU(^enous vaccines— i.e. consisting 
of the organism or organisms isolated from a particular patient and 
used for the treatment of the case. Therapeutic vaccines are now 
little used and have been superseded by chemotherapeutic and anti> 
biotic substances in the treatment of bacterial infections. 

In preparing stock bacterial vaccines for prophylactic use, e.g. 
typhoid-paratyphoid (TAB) vaccine, it is essentisd dtat the strains 
used should be carefully selected, as pathogenic bacteria when main- 
^ed in laboratory culture for any len^ of time may undergo variation 
iu antigenic characters and so lose their specific immunising pn^peities. 

The organism must be isolated in pure culture, and thm several 
cultures are made on appropriate solid medium so as to ^dd sufficient 
growth after twenty-four to forty-eight hours’ mcubation, according 
to the amount of vaccine to be prepared and rite abundance of the 
growth on the particular medium. The growrit is emulsified in sterile 
^e solution (0-85 per cent sodium chloride) so as to form a fsiriiy 
dense suspension. Tl^ should be &ee frcmt fragments of medium; 
^ present, they can be removed by centrifuging the suspemnim lot 
^0 or riiree minutes or by dtowing them to setffinent by g»% and 
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then decanting the supernatant fluid. The bacterial suspension must 
be rendered as uniform as possible by shaking in a tube or bottle with 
glass beads, A special shakii^ machine is generally used for t^ 
purpose. All mampulatiom involved in preparing the suspension must 
be carried out toith strict precautions to avoid contamination. 

Standardisatiaa 

It is necessary at this stage to estimate the approximate number of 
bacteria per ml. of the suspension. Various methods are available for 
this purpose; the turbidity of the suspension may be compared with 
standard opacity tubes or the bacteria themselves imy be counted in 
a haemocytometer. 

Sterilisation of the Bacterial Suspension \ 

The suspension is sterilised at relatively low tonperatures, e.g. 
60° C. for 1 hr. in a waterbath. 

The vaccine bath consists of a copper container soWetimes lagged 
with linoleum or other non-conducting material and is heated either 
by gas or electricity. The bath is fitted with a suitable removable 
rack for holding the tubes, while the lid has a hole into which a thermo- 
meter is placed. The bath is maintained at a constant temperature, 
usually 60° C., by means of a thermostatic control, which is either a 
“capsule”, similar to that in an incubator, or a bimetallic device. 
When the temperature rises above the desired level, the thermostatic 
control diminishes the gas supply or cuts off the electricity. When the 
temperature falls the heating is resumed. By means of an adjusting 
screw, the temperature can be regulated to ± 1° C. of that required. 
All waterbaths should be inspected at weekly intervals and any loss of 
water, due to evaporation, etc., restored. To ascertain whether the 
organisms have been killed, several loopfuls are transferred to a tube 
of suitable medium and incubated for 48 hr. (For further sterility tests, 
vide it^a.) 

Freparadoii of the Vaccine for Administration 

Any series of doses consisting of a certain number of organisms 
(computed in millions) can be prepared in volumes of 1 ml. by making 
appropriate dilutions in carbol-saline (0*85 per cent, sodium (boride + 
0*5 per cent, phenol) from the .original standardised sumension. 
Graduated pipettes, as used in serological work, are employed! for the 
purpose. The dilutions are made in sterile tubes and each dose is 
traimerred to a sterile ^^ccine ampoule which is then sealed. 

The most convenient method of supplying the vaccine for actual use 
is to prepare, from the stock suspensitm, concentrations of 50, 100, 
or 1000 nnill inn organisms per nd. (according to the doses requited) in 
(quantities of 20 The dilutions are placed in 25-ml. 'Vaccine 
witii special tightly fitting thick rubber caps which are covered 
with a layer paraffin wax, or in 1-oz. bottles witii perforated scwvr- 
caps, like that m the bk>od*^lture bottle, and covered with a viskap 
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before issue. The required dose can be obtained by puncturing the 
cap with the hypodermic syringe, and withdrawing the {qipropriate 
amount. 

When a vaccine representing more than one type of organism is 
required, e.g. from mixed infections, pure cultures of each organism 
must be obtained and separate standardised suspensions prepared. 
Appropriate concentrations of each are then combined in the final 
preparation. 

In preparing dilutions from the stock vaccine all manipulations, etc., 
must be carried out with strict precautions to prevent contamination. 
Pipettes, tubes, ampoules, bottles, caps, etc., must be absolutely sterile. 

Before supplying the diluted vaccine it is essentid to carry out 
further sterility tests with the contents of two of the ampoules, or 2-ml. 
withdrawn from the bottled vaccine with a syringe. One-half of this 
sample is tested for aerobic organisms and one-half for anaerobes by 
appropriate cultural methods. 

Earlier regulations under the Therapeutic Substances Act applicable 
to the manufacture for sale of various ^erapeutic substances laid down 
the following sterility tests which may be adopted in the case of bacterial 
traccines preserved with a phenolic antiseptic: — 

"The tests shall be made on fluid media, the quantity of medium contained 
in each tube or other vessel used in the test being such as to secure 
that any phenolic antiseptic present in the sample is diluted to less 
than 0-01 per cent. In the case of a test for aerobic organisms the 
medium shall consist either of a meat extract toith the addition of 
1 per cent, of peptone, or of such an equivalent as can be prepar^ 
by the tryptic digestion of muscle. After the final sterilisation the 
hydrogen-ion concentration of the medium shall be between the 
limits represented by j6if=7*2 md pH =7’8. In the case of a test 
for anaerobic organisms the medium shaU consist of a nutrient broth 
similar to that used in testing for aerobic organisms, with the addition 
of heat-coagulated muscle 0 / an amount sufficient to occupy a deptii 
of not less than 1 centimetre at the bottom of the tube. After die 
final sterilisation the hydrogen-ion concentration of die medium 
shall be between the limits represented by pH—7'2 and pH <=‘7-8. 
Before the test inoculation the medium shall be heated to 100° C. 
for a period sufficient to free it completefy from dissolved ox^en, 
and then cooled to 37° C. or lower. The inoculated tidies shaU be 
incubated at 37° C. for five days. . . .” 

If a vaccine has been prepare from an organism whkh does not 
grow reaihly in ordinary media, a similar test must be ouried out wi& 
media specially suitable for the ^wth of the particular otguusm, or the 
Vaccine may be tested by injection of an animal of a species known to 
susceptible to infection by that organism. 

For details of the present requirements in the ^Ucation of stotili^ 
Its to tterapeutic substances and the methoda to be used, refemsce 
^euld be made to the latest Therapeutic Substances Regulatioits. 
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IfSTING OF SURGICAL CATGUT FOR SlRRIUTy 

The following method was prescribed in the earlier Therapeutic 
Substances Regulations (Therapeutic Substances Act) and has been 
extensively used. 

. . TTie sample shall, when practicable, be the contents of at least 
one whole container or packet . . . 

(а) the container or packet shall be opened and the sample removed 
with aseptic precautions; 

(б) after all the adherent fluid has been drained off as completely as 
possible, the sample shall be placed entire in a test-tube at least 3*5 cm. 
in diameter and 17’5 cm. in length and containing 50 ml. of sterile 
distilled water. This tube shall then be closed by some method whicn 
will preclude the access of bacteria, and be placed in an incubator ^ 
37° C. for 24 hr.; 

(c) after this incubation, the sample shall be aseptically transferred 
to a similar tube containing a solution of 1 per cent, of sodium thio- 
sulphate and 1 per cent, of crystallised sodium carbonate in distilled 
water, the tube and solution having been previously sterilised in the 
autoclave. In this solution the sample shall again be incubated for 
24 hr. at 37° C.; 

(d) after the second incubation the sample shall again be removed 
aseptically and, without further washing, shall be examined for the 
presence of living bacteria and their spores. 

The sterility tests shall be carried out ... by placing the sample 
in a tube at least 3*5 cm. in diameter and 17*5 cm. in length, containing 
not leaa than 50 ml. of a culture medium prepared by dissolving 0*2 per 
cent, of prepared agar-agar in a nutrient bacteriological broth . . . the 
broth may preferably be made by the digestion of meat with trypsin 
(Douj^aa’s broth or Hartley’s modification thereof) ... the mixture 
being aterilised in the autoclave; . . . 

(e) The tubes of culture medium containing the sample shall be 
incubated at 37° C. for twelve da 3 rs and examined daily for the growth 
of bacteria; 

(/) if no such growth is detected during this period, the batch from 
which the sample was drawn shall be treated as free from living bacteria 
and their spores, and as havit^ passed the test; . . 

An alternative culture medium which has been used is the cooked- 
meat medium with 30 ml. of broth added to each tube (these being 
6x1 in.). Before transferring the ca^t to the medium from the 
riuosulphate solution it is placed in a tube of sterile distilled water for 
a few hours. Meat medium has been found to be particularly valuable 
for obtaining growths of sporing anaerobic bacilli from catgut, and also 
serves very well for the detection of other organisms that may occur 
as contaminants in ca^t. 

It should be emph^ised that in all the manipulations of the ca^[ut 
sample in the above specified processes, care is required to exclude 
extraneous contamination and it is advisable to carry out these manipu* 
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latioRS under zp. inoculating hood, or with the aid of a similar apparatus, 
to prevent aerial contamination. 

For details of present requirements in the application of sterility 
tests to Surgical Catgut reference should be made to the latest Thera- 
peutic. Substances Regulations ( 1957 ). 
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CHAPTER 47 

CULTIVATION OF MICROORGANISMS 
CULTURE MEDIA 

Only in exceptional cases can the identity of a microorganism be 
established by its morphological characters. It is therefore essential to 
obtain a culture by growing the organism in an artificial culture medium, 
and if more than one species or type of organism are present, each 
requires to be carefully separated or isolated in pure culture. In this 
process there are three distinct operations : 

(i) The preparation of a suitable culture medium. 

(ii) The initial removal of other organisms from the medium and ^ 
containers by sterilisation. Bacteria are ubiquitous and are present ^ 
the material and on the articles used for making media. These con^ 
taminatin g organisms must be destroyed or removed so that the cultur<i 
medium is rendered sterile. 

(iii) The cultivation of the organism and its isolation from others 
present in the material to be examined. Techniques for the separation 
of mixed cultures are described in the next chapter and the general 
subject of bacterial nutrition and conditions for growth has been dealt 
with in Chapter 3. 


UQUm AND SOUD MEDIA 

There are two broad groups of media, liquid and solid. Many liquid 
media containing different nutrients have been devised and most bac- 
teria will grow in at least one of them. However, liquid media have two 
disadvantages. Growths usually do not exhibit specially characteristic 
appearances in them and, except when they are designed for a particular 
biochemical test, they are of only limited use in identifying species. 
Also, organisms cannot be separated with certainty from mixtures by 
growth in liquid media. If Uquid media are made solid (gelatinous) 
these disadvantages are overcome. On solid media the appearances ex- 
hibited by the colonies of different bacteria are useful in identification; 
and solid media are almost indispensable for the isolation of pure 
cultures. It is only occasionally that organisms can be grown directly 
from the body in pure culture so that solid media are almost always 
needed for the examination of pathological specimens. 

Gelatin was used by the early bacteriologists to make the first solid 
media ; pieces of potato impregnated with nutrient solutions can be used 
as solid media; serum or egg can be coagulated by heating in an in- 
q>is8ator to make media solid; but agar is most commonly used for this 
purpose. 

Agar-agar, or “agw” for short, is derived from certain seaweeds. In 
watery solutions it gives a firm gel that remains unmelted at all incuba- 
tion temperatures and that is generally bacteriologically inert, being 
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decomposed or liquefied only by a few varieties of marine bacteria. In 
these respects it is more suitable than gelatin; a 15 per cent, solutsott c£ 
gelatin melts at 24® C. and gelatin is decomposed by many proteolytic 
bacteria. Agar does not add to the nutritive properties of a medium and 
a suitable agar should be free from growth-promoting as well as growth- 
inhibiting substances. 

The Tpelring and solidifying points of agar solutions are not Ae same. 
At Ae concentrations normaUy used, most bacteriological agaxA melt at 
about 95® C. and solidify only when cooled to about 42° C. The ability 
of agar to be melted is an advantage compared wiA the inability of 
serum or egg to be melted, and the low solidifying point of agar allows 
heat-sensitive nutrients to be added to it in the molten state at tempera- 
tures as low as 45° C. 


CONTAINERS FOR MEDIA AND CULTURES 

Flasks stoppered with cotton-wool, test-tubes stoppered wiA cotton- 
wool or wiA slip-on metal caps, and screw-capped bottles of different 
capacity and shape can be used as containers for media and cultures. 
Metal caps are satisfactory provided Ae medium is stored not longer 
than a few weeks and Aey are economical because they can be used 
repeatedly. Cotton-wool plugs must be discarded after each use but 
they have Ae advantage that medium can be stored longer. Air passing 
into the tubes as a result of changes in temperature or pressure, as when 
cultures are incubated anaerobically, is filtered through Ae wool; such 
protection is not provided by metal caps. Screw-capped bottles are air- 
tight and thus do not allow their contents to dry out during storage. 
Media in bottles need not be stored in a cold room and can be kept 
almost indefinitely. Bottles are particularly valuable in l»ge laboratones 
where culture media are prepared in quantity for distribution. 

Screw-capped bottles are made of clear white flint glass, Ae neck 
having an external screw thread. The caps are made of aluminium and 
each has a rubber washer 3 mm. thick, of special rubber that » not 
inhibitory to bacterial growA. A list of bottles that covers practically all 
needs is given. WiA the exception of the 2-oz. squat bottle, Aesc are 
made by United Glass, Ltd., and may be bought only from retailers. 
The 4-oz. is the standard blood culture bottle and perforated raps may 
be obtained for these. The 2-oz. squat is suitable for specimens of 
sputum. The 40- and 20-oz. rounds are also used for intravenous 

solutions such as saline and glucose saline. r u 

Glassware must be Aoroughly cleaned before use for culture media 
and new glassware requires special treatment to remove free al^(Fg« 
860). Most of Ae bottles Usted are supph^ dean^ imd wa^ ^ a 

spe^ process. The rubber washers have been wdl^iled and Aec^ 
already fitted. No ftirAer treatment is neces^ before 

This raving of time is of especial value where 1^ 

media are produced. The cardboard cartons m which the botto ^ 

supplied ke^ Aem dean during storage, eiAer empQr or ooBtammg 
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medium, and are useful for dispatching medium. When bottles are 
cleaned for re-use the old caps and washers should be discarded and 
replaced with new caps and washers. If undamaged caps are to be re- 
used they should be thoroughly washed and dried, care being taken to 
see that tihere is no moisture between the washer and the cap, since this 
can interfere with sterilisation. 

Copper salts are inimical to the growth of many organisms and copper 
utensils should not be used for the preparation of media. Heavily 
tinned copper articles are safe to use, but if the tinning shows signs of 
wear the article must be re-tinned. 


Bottle 

Capacity 
in ml. 

Cap 

B 

1 gallon, narrow mouth . 

4600 

Special, to fit 


“Compo** cori 


and “resistor* \ 

80 oz. round . 

2400 

KN31 

\ 

\ 

40 oz. round . 

1190 

KN 31 

\ 

20 oz. round . 

600 

KN 31 



10 oz. round . 

290 

KN 350 



5 oz. round . 

1 oz. round (H 53), 

140 

KN 350 



McCartney . 

28 

KN 135 



i oz. round . 

15 

KN 132 


) Rubber 

1 oz. round, bijou . 

6 

KN 132 


1 oz. Universal container . 

28 1 

KN86 1 



8 oz. medical fiat 

236 ’ 

KN 350 ’ 



6 oz. medical fiat 

180 

KN 349 



4 oz. medical fiat 

125 

KN 349 



3 oz, medical fiat 

85 

KN 359 



2 oz. medical fiat 

60 

KN 359 



1 oz. medical fiat 

33 

KN347 



2 oz. squat (J 1/2)^ . 

65 

2 in. 

Cardboard or 




rubber 


^ The 2-oz. squat bottle, and a range of squat forms from 1-16 oz. capacity with 
alumimum screw-caps, are obtainable from Solmedia Ltd., 31, Orford Road, London, 


FORMS IN WHICH LIQUID AND SOLID MEDU 
ARE USED 

Tubing and bottling of liquid media 

Liquid media may be distributed in test-tubes with slip-on metal caps 
or cotton-wool plugs, the tubes being about half filled. If bottles are to 
be irod, broth or peptone water in 2*5 ml. amounts and fermentation 
media in 3 ml. amounts may be distributed in bijou bottles. Media 
required in 5 or 10 ml. amounts may be put in 1-oz. bottles and 50 to 
100 ml. amounts of media in 3- or S-oz. bottles. It is convenient to store 
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liquid media in 250 ml. amounts in 10-oz. bottles but larger amounts in 
larger bottles may be desired. 


Tubing, botding and pouring plates of solid media 

Solid media may be distributed in test-tubes with slip-on metal caps 
or cotton-wool plugs. The shape in which the medium is allowed to 
solidify depends on the method of inoculation for which 
it is to be used. The commonest shape is the “slope” or 
“slant”, which provides a large surface area of medium 
for inoculation. For 6xf in. test-tubes, 5 ml. of 
medium is sufficient and it is allowed to set at such an 
angle that there is a thick butt at the bottom (Fig. 52). 

When a large number of tubes of agar have to be sloped, 
special tra 3 rs that allow the tubes to be laid at the correct 
angle are useful and, moreover, the tubes can be stacked 
one upon another so that very little bench space is 
required during solidification. After cooling, fresh agar 
slopes contain “water of condensation” at the foot of the 
tube, and the tubes should be stored and handled in the 
vertical position to prevent the liquid from flowing over 
the surface of the medium or entering the cotton-wool 
plug or metal cap. 

If the medium is to be used for a “stab” or “shake” 
culture the test-tube is half filled with the medium, 
which is allowed to solidify in the upright position. 

The most frequent use of media solidified with gelatin Slope of solid 
is as a stab culture. 

Screw-capped bottles can be substituted for test- wool plug may be 
tubes. The amounts of medium for slopes in 1-oz. and 'wedinsteadofthe 
bijou bottles are 5 ml. and 2*5 ml. respectively. The 'iiSlsttat^he!^** 
medium may be allowed to set at an angle to form a 
butt as in test-tubes, but it is easier to inoculate with a loop if it is 
parallel to the side of the bottle (Fig. 53). For stab or shake cultures 
1-oz. bottles are half-filled with medium. 

Agar media stored in 4-, 6- or 8-oz. medical flat bottles 
melt much more quickly than agar in 3-, 5- or 10-oz. 
round bottles. 

Wh«e a large surface is necessary as in the separation 
of organisms from mixtures the medium is allowed to 
solidify in the form of a thin layer in a Petri dish. 

Solid media in Petri dishes are often called “plates”. 

For a dish of 3^ in. (88 mm.) diameter, 14 ml. of medium 
is usually ample and it is convenient to store 100 ml. 
amounts in 4- or 5-oz. screw-capped bottles, sufficient 
for seven plates. The melted medium is poured into 
the dishes on a flat surface and the dishes are left un- 
disturbed until the medium has set. In separati^ 
organisms frqpa mixed cultures by plating, it is essential 


Fio. 52 



Fio. S3 

of «oli4 
luminsciow^ 
bottle. 



726 


MEDICAL MICROBIOLOGY 


that the surface of the medium should be dry. When plates have been 
poured, the steam from the hot liquid condenses on the surface of the 
medium and this moisture is undesirable. It is removed by drying the 
poured and set plates in a warming or drying cabinet at 37° C. for 1 hr., 
or at 65° C. for IS to 30 min., depending on the medium. Suitable 
cabinets are available from manufacturers of food catering equipment. 
A bacteriological incubator may be used, but this is less efficient since 
it is not provided with a means of escape for the moist air. The lid of 
the dish is first laid down; the portion containing the medium is then 
inverted, so that the surface of the medium is downwards and placed 
in the incubator with the free edge resting on the lid (Fig. 54). If 
care is taken to avoid disturbing dust, there is very little risk ^ of 
contamination of the medium by air organisms. 



Fig. 54 

The drying of ui agar plate before inoculation. 


DISTRIBUTION OF MEDIA INTO TUBES, BOTTLES 
AND PLATES 

Tubing and bottling of media without sterile precautions 

All media are distributed as liquids, gelatin and agar media being 
melted, and serum and egg media being distributed before they are 
solidified by heat. For safety it is usual to cool melted agar media to 
55° C. before distribution. 

Most media are tubed or bottled without sterile precautions being 
taken. Clean but unsterile glassware is used, and the medium and con* 
tainer together are subsequently sterilised by heat. A suitable apparatus 
is a 6-in. glass funnel, fixed in a burette stand, with a short length of 
rubber tubing and a glass delivery nozzle fitted to the stem and con- 
trolled by a pinchcock. 

However, an automatic filler devised by T. H. Ayling and supplied by 
R. B. Turner & Co., London, can be recommended. It consists of a 
glass funnel 7 in. in diameter, connected with rubber tubing to a metal 
3-way stopcock which in turn is connected to an all-glass syringe of 15 
ml. capacity (Fig. 55). The S 3 a:inge is of the three-piece type, but 
without the nozzle, and the plunger is hollow, as the head of liquid wdl 
not lift a solid glass piston. The barrel is graduated to 15 ml. by 0*5 ml., 
and the numbers are so engraved as to be readable when the syringe is 
vertical. The syringe is connected to the stopcock by means of a metal 
screw fitting. A clamp secures the lower end of the syringe. The 
amount of fluid delivered is determined by the adjustable screw. The 
action of the filler is simple. The head of medium in the funnel forces 
up the plunger until it is stopped by the adjustable screw. The handle 
of the stopcock is then turned and the syringe empties itself under the 
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weight of the plunger. Air bubbles in the 83 rringe are removed by first 
filling the apparatus, and emptying and filling the syringe two or tibree 
times, manipulating the piston by hand while this is bdng done. The 
adjustable screw is then turned to deliver the correct amount. If a 
smoothly working S 3 rringe is used, voy little head of pressure is 
necessary, and the height need not be greater than 18 indies. Once set, 
the accuracy of the filler is much greater than that of an ordinary 
pipette, and media can be tubed with great rapidity. It works equally 
well with melted agar or gelatin, provided that fresh hot supplies are 
available, and the syringe and stopcock are washed out immediately 



Automatic filler for ditpena^ media 
without aterile precautiona. 

An electrically driven automatic dispenser designed by Strucr can be 
obtained from Camlab (Glass) Ltd., Cambridge. Wim it, measured 
volumes from 0*2 to 20 ml. can be delivered at any diosen rate, or 
individually at the touch of a foot pedal, and media may be dii^Mmsed 
under sterile conditions. 

Pouriag of plates, and tubing and bottUng of naedia 
sterile preoMititMis 

Plates are always poured with i^erile precautions. BuHc nurihnn is 
prepared auuife and ia poured into sterile Petri dnbea. Care mwdt Ipi 
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taken to avoid contamination from the air during pouring. It is 
desirable to pour plates on a bench in a small room free from draughts 
and preferably with ultraviolet radiation to reduce the number of 
bacteria in the air. Alternatively, an inoculation hood or cabinet, as 
described on p. 794 may be used. To reduce water of condensation on 
the Petri dish lids, the medium should be cooled to 52® C. before 
pouring. 

Sterile precautions for tubing and bottling media are necessary if an 
ingredient of the medium is heat-labile, for example, certain sugars used 
in fermentation test media (see p. 811). The ingredients that are stable 
to heat are prepared and sterilised, the unstable ingredient (previously 
sterilised in a suitable way) is added with sterile precautions and /the 
medium is distributed with sterile precautions into sterile containers. 
An apparatus (Fig. 56) suitable for distributing medium with st^ile 



precautions is a hooded tube attached by means of rubber tubing and a 
pinchcock to a funnel covered with a large Petri dish lid. Tlie whole 
appuatus is wrapped in paper and sterilised. The Petri dish lid protects 
sterile medium in the funnel and the hood protects the medium as it is 
distributed to sterile tubes or bottles. 

Alternatively the heat-stable part of the medium may be distributed 
into dean glateware without sterile precautions and then be sterilised. 
The sterile unstable ingredient, for example, a sugar, can later be added 
frwn a sterile graduated pipette or an ap^atus incorporating a filter, a 
^hon and a hooded pip^ (Fig. 57). 
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Apparatus for dispensing snsall quantities of sterile 
ingredients 

A special stainless-steel metal fitting is adapted to a 10-oz. bottle with 
a screw neck. It consists of a straight piece of tube (A), with a curved 
side-arm (B); around this is a slightly wider tube (C), with a side-arm 



Fio.57 

Apparatus for addii^ small quantities of 
Sterile ingredients to inedia. 


(D), fitted to a screw-cap (E) which screws on to the bottle, a rubber 
washer (F) ensuring an air-tight joint. To the uppor end of tube A is 
connected a Seitz filter by means of a short piece of juessure mlnng 
furnished with a screw-dan^, and attadiedtotheloweroad bymeaaaof 
a short piece of rubber tubing is a g^ass tube, 5 nun.^ in diameter, 
readuog to the bottom of die bottle. To die side-arm B is oontMCted a 
piece of rubber tubing furnished at the other end widt a pmchCCMA and 
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hooded pipette. The hooded pipette is closed with a cotton-wool stopper 
containing a small glass test-tube to cover the delivery tube. The side- 
arm D is connected with pressure tubing to a cotton-wool air filter, the 
other end of which is to be attached to a filter pump. The joints are 
bound with tinned copper wire and the whole apparatus, as %ured, is 
wrapped in kraft paper. If silicone rubber is used for all the fittings it 
can be sterilised in the hot air oven. Otherwise it must be autoclaved 
with a little water (a few drops) in the bottle to provide steam to drive 
out air from the interior. 

The unstable ingredient is sterilised by Seitz filtration and, before the 
pressure is released, the tubing to the filter is closed with the screw- 
clamp. The filter is then removed and the end of the rubber tubing 
plugged with a piece of glass rod. The filter pump is now disconnedjted ; 
the air pressure forces the solution down the siphon tube as far as\the 
pinchcock so that the siphon is in operation as soon as the pinchcoix is 
opened. Alternatively, air may be forced through the cotton-wool filter 
on D by means of a rubber blowball to start the siphon action. In i 
the neck of the bottle is held by a clamp at the top of a tall retort stanl: 
The stem of the hooded pipette is held below frie bottle by means of 
another clamp, at a height convenient for placing a test-tube (or bottle) 
under it to receive the sterile solution. The cotton-wool stopper is 
removed and the inside of the pipette flamed. After use, the stopper is 
replaced and the hooded pipette fastened to the neck of the bottle with a 
piece of copper wire. The number of drops per ml. delivered from the 
pipette is determined, so that the amount required is easily estimated. 
Thus, if a pipette delivers 18 drops per ml., then 9 drops (0*5 ml.) of 10 
per cent, sugar solution per tube of 5 ml. peptone water gives a final 
concentration of 1 per cent, sugar. 


ADJUSTMENT OF pH OF CULTURE MEDU 

The pH of a culture medium should always be checked and adjusted 
if necessary, methods being given in Chapter 50. It should be noted 
that the pH always rises as the temperature falls and allowance for this 
rise must be made if the pH is tested when the medium is hot, as is the 
case with agar which must be melted for the adjustment of pH. During 
autoclaving, solutions that have been adjusted to be a little on the 
alkaline side of neutrality tend to fall about OT unit. 


STERILISATION OF PREPARED MEDU 

The choice of method to be used to sterilise a medium depends on 
whether or not the ingredients are decon^iosed by heat. If autodaving 
will not damage the medium, it is the best method of sterilisation, and 
its appUcation is discussed in Chapter 46 (p. 703). 

The sterilisation time at a particular temperature is the sum of the 
heat penetration time, which is variable, and the holding time, whidi is 
constant fot each temperature. The heat penetration time, and eon- 
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sequently the sterilisation time, varies greatly with the volume of 
and also with the container. For t^t tubes c ontAining 10 ml, of mwdjoiti, 
a sterilisation time of 15 min. at 121® C., or 35 min. at 115® C., is 
required. McCartney bottles containing 10 ml. of m<»rfinn> require 20 
min. at 121® C. Larger amounts of medium require longw sterilisation 
times and so do small amounts of medium in large containers. Sterilisa- 
tion times at 121® C. given in this chapter are based on the following 
table. Molten a^ requires the same sterilisation time as Uquid media; 
but if agar is solid, 5 to 10 min. must be added for melting. 


Volume of medium 

Container | 

Flask 

Bottle 

10 ml. 

15 min. 

20 min. 

100 ml. 

20 min. 

25 min. 

500 ml. 

25 min. 

30 min. 

1 1. 

30 min. 

40 min. 


Sterilisation times at 121^ C. 


Tubes and bottles of medium must be put in the autoclave so that 
steam has free access to them. Wire crates are suitable holders, but tins 
are unsuitable unless holes have been punched in them. Care must be 
taken that bottles of medium are not packed tightly in a holder, other- 
wise breakages will occur. 

Sometimes lower temperatures, such as 115® C., for times ranging 
from 10 to 20 min. are recommended for “sterilisation” of media con- 
taining ingredients that are not very stable to heat. These conditions 
are not strictly reliable for sterilisation and should be used only for 
media distributed in small quantities. They are usually satisfactory 
because it is unlikely that many heat-resistant spores would be present in 
media prepared under clean conditions. 

Steaming at 100® C., either for a long time, e.g, 90 min., on one 
occasion or for shorter times on several occasions, is not a sure way of 
sterilising media. Spores are not necessarily destroyed at 100° C. and 
will not be destroyed by successive heatings at 100° C. unless they an 
incubated in the intervening periods under conditions in vthich they wdl 
germinate to yield heat-sensitive vegetative organisms. 

K any of die ingredients of a medium are liable to be spoiled by auto- 
claving, the complete medium should not be sterilisnl by heat. In such 
cases, it is usual to autoclave the heat-resistant ingredients of tihe medium 
and to add the sterile heat-sensitive ingredients with sterile precautions. 
Some heat-sensitive ingredients sudh as blood, mrum or egg-yolk can be 
obtained sterile from natural sourcm. Odiers must be sterilised 1^ 
filtration thrmmh a bacterial filter (Chapter 4^ ip. 696). 

Some media that cannot be autodavM contain ingredients that ace 
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inhibitory to the most probable contaminants. These are Mme- 

times prepared without the sterilisation of some mgredi^te) relirace 
being placed on the inhibitors to suppress contaminants. The method 
is usually successful but must always be regarded as less than ideal. 


inspissahon of serum and egg media 

The serum in Lbffler’s medium and the egg in media such as 
Lbwenstein-Jensen medium are usually solidified in an apparatus called 
an inspissator. It consists of a water-jacketed copper box, the tempera- 
ture of which can be regulated automatically. The serum or/ egg 
medium is tubed and placed in special racks, so that the tubes are at the 
correct angle for forming slopes. The temperature used is between 75° 
and 85° C. At this temperature the protein is completely solidified, put 
the temperature is not so high as to cause bubbles of steam to disrupt me 
surface of the medium. As medium in tubes is apt to dry if kept in me 
inspissator for any time, a small opening should be present in the iniKr 
wall communicating with the top of the water-chamber above the level 
of the water. Water vapour can enter the interior of the inspissator and 
the medium is kept moist. Electric inspissators without a water-jacket 
do not yield such satisfactory media if tubes with cotton-wool stoppers 
are used. 


VARIETIES OF CULTURE MEDIA 

1. Defined synthetic media. Chemically defined media are used for 
various experimental purposes. They are prepared exclusively from 
pure chemical substances and their exact composition is known. The 
ingredients should be of analytical reagent qudity and are dissolved in 
distilled or demineralised water. 

Simple synthetic media contain a carbon and energy source such as 
glucose or lactic acid; an inorganic source of nitrogen, usually in the 
form of ammonium chloride, phosphate or sulphate; and various in- 
organic salts in a buffered aqueous solution, lliey provide the basic 
essentials for the growth of many non-parasitic heterotrophs, but they 
will not support growth of most kinds of parasitic bacteria. Complex 
synthetic media incorporate, in addition, certain amino acids, purines, 
pyrimidines and other gro't^ factors. They can therefore be used for 
the growth of more exacting bacteria. 

2. Routine laboratory meSa. The majority of organisms to be studied 
in medical bacteriology are either pathogens or commensals of the 
human body, and in order to obtain stiitable growths the artificial 
culture medium should provide nutrients and a pH (about 7*2) approx- 
imating to those of the tissues and body fluids. For routine purposes 
many of these requirements are supplied by aqueous extracts of meat 
and the products of digestion of protein. 

Basal media sudi as nutrient broth and peptone water are simple 
routine laboratory media. Enriched media are prepared to meet the 
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nutritional requiiements of more exacting bacteria by the addition of 
substances such as blood, serum and egg to a basal medium, 
media contain substances that inhibit or poison all but a fair types of 
bacteria. They facilitate the isolation of particular species from a mixed 
inoculum. If a liquid medium favours the multiplication of a particular 
species, either by containing enrichments that selectively favour it or 
inhibitory substances that suppress competitors, cultures from mixed 
inocula are called enrichment cultures. These cultures fail to indicate &e 
proportion of the species present in the inoculum. Indkator media in- 
corporate some substance that is changed visibly as a result of the meta- 
bolic activities of particular organisms. Combinations of enriched 
media with selective agents and indicator systems are frequently used in 
the diagnostic laboratory. 


COMMON INGREDIENTS OF CULTURE MEDIA 


Information on the preparation and composition of commercial pro- 
ducts used in culture media is given in a report edited by Syk^ (1956). 

Water. — ^Tap water is often suitable for culture media, particulwly if 
it has a low mineral content, but if the local supply is found unsuitable, 
glass-distilled or demineralised water must be used imtead. Small 
amounts of copper are highly inhibitory to bacterial growth so that 
copper-distilled water cannot be used for media. Suitable demineral- 
isers are manufactured by the Permutit Co. Ltd., Chiswick, London. 

Agar. — Agar is prepared in several countries from a variety of sra- 
weeds, Gelidium, Eucheuma, Pterocladia and others, the weed beii^ 
dried, extracted by hot-water processes, clarified, dried and finally 
supplied as the dried strands or as a powder. There are ronsiderable 
differences in the properties of the agars manufactured in different 
places, and even between different batches from the same source. Japa- 
nese and New Zealand agars are the most gener^y used. Japanese agar 
yields a gel of suitable firmness at a concentration of about 2 per cent., 
and New Zealand agar at about 1-2 per cent. The exact concentration to 
be used may require some adjustment according to the batch of agar and 
also according to the other constituents of the medium. In the for tnulae 
for media given in this book, the amount of agar is stated as for Japanese 
agar powder: if New Tjcaland agar is used, the amoimt will be barefy two- 


thirds Q$ wuch* • ^ • i 

The chief component of agar is a long-chain polysacdiande, mawy 
composed of d-galactopyranose units. It also contains a vmety of im- 
purities including inorganic salts, a small amount of protein-lijM matenri 
and sometimes traces of loi^-cham fatty acids wlfach are inmbitory o 
growth. The minerals present are mainly magncMum and calcium, aim 
agar is to exist as the magnesium or caldum sulphate esters of 

media, the approp^ an^t ^ 

fibre fa i^ed to the liquid medium and dissolved by placing the mixture 
in a steamer at 100® C. for 1 hr. 
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Most agars dissolve to give a clear soluti^ but wmetiines it is 
necessary tofflter off particulate impunties and, poMibly, racew phos- 
phates from the nutrient liquid. The hot agar solution, preferably first 
adjusted to pH 8-0 and held at 100“ C. for 30 min. to precipitate phos- 
phates, is filtered before it can cool and is re-adjusted to pH 74. For 
smaller amounts a hardened filter paper that is rapid in passing fluid and 
strong when wet, is used. A recommended grade is “Hyduro” 904J, 
supplied by J, Barcham Green, Ltd,, Maidstone, England. For larger 
ammiTita, paper pulp or cellulose wadding enclosed in muslin is bettor, a 
fresh filter being prepared on each occasion. A suitable paper pulp is 
“White Heather” brand or T. B. Ford’s filter pulp, both of which are 
sold in slabs. A suitable cellulose wadding is “Cellosene” supplied in 
sheet form by Robinson & Sons, Ltd., Chesterfield. A porcelain 
Buchner-type filter funnel with a flat perforated platform about 10 in. in 
diameter is convenient for 5-1 0 litre quantities. Place two 1 0 in. dism of 
cellulose wadding, one on top of the other, on a 24-in. square of muslin 
and fold over the excess muslin to enclose them completely. Invert the 
disk-like bundle and press it into position on the platform of the filter, 
ensuring a good fit at the edges. Pour some hot water through the filter 
and then heat it at 100° C. in the steamer at the same time as the agar 
solution, so that it is hot at the time of its use. Without allowing any 
time for cooling, pour the whole of the hot agar solution quickly through 
the filter without assistance by suction. If a large Buchner funnel is not 
available, quantities up to five litres may be filtered using a 10-in. conical 
glass fuimel, the lower third of which is filled with pebbles or glass beads 
to form a supporting platform for the filter material. Paper pulp or 
cellulose wadding wrapped in muslin to form a bundle about 2 in. deep 
is pressed into position on the platform and fitted closely to all sides of 
the filter funnd. Moist pulp may be superimposed to ensure that the 
filter is not leaky. 

Agar can be added to any nutrient liquid medium if the advantages of 
a solid medium are desired. Nutrients that are not damaged by auto- 
claving may be added to the medium before dissolving the agar. Such 
media can be sterilised and allowed to set for storage, being remelted in 
the steamer before use. However, nutrients that are damaged by auto- 
claving must be prepared sterile, separately from the agar base. The 
sterilised agar base can be melted in the steamer and cooled to about 
45-50° C. before adding any heat-labile ingredients, but once these are 
added the medium must at once be distributed for its final use because it 


cannot be remelted without damaging the heat-sensitive ii^edients. 

Agar is hydrolysed to products that do not solidify on cooling if it is 
heated at a low pH. A^ usually does not alter the pH of die m^um to 
which it is added but if it contains free add this must be neutralu»d 
before it is autoclaved. For media whose pH is about 5, such as those 
for lactobadlli and fun^ heating should be reduced to a minimum titer 
the agar is in an add solution. After autodaving, the medium may be 
allowed to solidify in bulk but it should be remelted with as little heating 
as possiUe and then be wholly distributed for its final use; it ^uld not 
be pardy used, allowed to soUdify and later heated a third time. 
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Peptone consists of water-soluble products obtained from 
lean meat or other protein material such as heart muscle, casein, ^y^win 
or soya flour, by digestion with, mainly, the proteolytic enzymes, p^[»in, 
trypsin or papain. The important constituents are peptones, proteoses, 
amino acids, a variety of inorganic salts, including phosphates, potassium 
and magnesiiim, and certain accessory growth factors, including nico- 
tinic acid and riboflavin. Peptone is supplied as a golden granular 
powder with a low moisture content, preferably under 5 pear cent., and 
usually a slightly acid reaction, giving a pH between 5 and 7 in a 1 per 
cent, solution. It is hygroscopic and soon becomes stid^ when exposed 
to air; stock bottles should therefore be kept firmly closed and weighing 
of loose powder rapidly completed. According to the starting materials 
and mode of preparation, the brands of peptone supplied by different 
manufacturers show appreciable differences in composition and growth- 
promoting properties; moreover, variations may occur between different 
batches of one brand. 

The essential requirements of a good peptone have not yet been fully 
defined, but include the ability to support the growth of moderately 
exacting bacteria from small inocula (e.g. Staph, aureus, Strept. pyogenes 
and Sh. dysenteriae type 1), the absence of fermentable carbohyc^tes, a 
low content of contaminating bacteria and a very low content of copper. 
Apart from the standard grades of bacteriological peptone, some manu- 
facturers supply special grades of peptone recommended for particular 
purposes, e.g. “Neopeptone”, “Proteose peptone”, mycological peptone, 
etc. 

The analysis of a suitable bacteriological peptone (Oxoid) has been 
supplied by the makers as follows: 


Total nitrogen ... 

14*5 per cent. 

Total proteose nitrogen (sat. ZnS 04 ) 

1*9 per cent. 

Primary proteose nitrogen (half-sat. ZnS04) 

0-14 per cent. 

Amino add nitrogen (formol titration) 

1*7 per cent. 

Tryptophane 

1*2 per cent. 

Ash 

5*5 per cent. 

Chloride 

1*0 per cent. 

Phosphate (as PsOs) .... 

1*3 per cent. 

Caldum 

0*13 per cent 

Magnesium ...... 

0*07 per coit. 

Copper 

0*0010 per cent. 

Iron 

0*0075 per cent. 

Zinc 

0*0025 per cent 

Sulphur (total) 

0*68 per cent 

Ether-soluble extract .... 

0*03 per cent 

Nicotinic add 

75 per g. 

Riboflavin 

50 og. par g. 

Carbohydrate (fermentation test) 

nil 

McHsture 

less than 5 per cent 

pH of a 1 per cent, solution . 
(Ifidolaptoducttoa test, good reactum) 

5*9 to 6*1 
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Casein Hydrolysate.—’V}^ consists largely of the amino acids obtained 
by hydrolysis of die milfe protein, “casein”. It dso contains phosphate 
and other salts, and certain growth factors. Hydroljrsis is effected either 
with hydrochloric acid, when the product is neutralised with sodium 
carbonate and so becomes very rich in sodium chloride, or with a proteo- 
lytic enzyme (trypsin). The add hydrolysate is the poorer nutritionally 
because tryptophane is largely destroyed during the hydrolysis and some 
other aminn acids are reduced in amount; tryptophane must therefore be 
added to the medium to make it suitable for tryptophane-requiring 
bacteria. The more expensive enzymic hydrolysate contains abundant 
tr 3 rptophane and the full range of amino acids, and does not require such 
supplementation. Casein hydrol 3 r 8 ate may be substituted for peptone in 
broth and other media. It is of particular use in experimental! work 
where a nearly defined medium is required, since its composition isWore 
constant and more fully known than ^t of other peptones. Thus it may 
be added to a minimal synthetic medium to render it suitable for growth 
of exacting bacteria. 

Meat Extract. — A. commercially prepared meat extract known as Dab- 
Lemco is used as a substitute for an infusion of fresh meat. Meat 
extract is manufactured by a method derived from that invented by 
Liebig. Finely divided lean beef is held in boiling water for a short time 
while its readily soluble constituents pass into solution and form the 
unconcentrated extract. This is freed of excess fat and then concen- 
trated by evaporation to a dark viscid paste containing 70-80 per centof 
solids. The product contains a wide variety of water-soluble com- 
pounds, including protein degradation products, e.g. gelatin, albumoses, 
peptones, proteoses and amino acids, and other nitrogen compounds 
such as creatine, creatinine, carnosine, anserine, purines and glutathione 
(total N about 10 per cent.); it also contains many mineral salts 
(KH 2 P 04 and NaCl most abundantly), accessory growth factors {e.g. 
thiamine, nicotinic acid, riboflavine, pyridoxine, pantothenic add and 
choline) and certain amounts of carbohydrates. The required quantity 
of the sticky extract is conveniently weighed on a piece of clean paper 
and put with the paper into the water for solution; the paper is sub- 
sequently removed from the broth. 

Yeast Extract . — Commercial yeast extract is prepared from washed 
cells of brewers’ or bakers’ yeast. These are allowed to undergo auto- 
lysis, which is initiated by mild heating (e.g. at 55° C.) or, in some cases, 
are hydrolysed with hydrochloric add or a proteolytic enzyme. After 
removal of the cell walls by filtration or centrifugation, the extract is 
evaporated to a thick dark paste containii^ about 70 per cent, of solids. 
It contains a wide range of amino adds (amounting to nearly 50 per cent, 
of its mass), growth factors (espedally of the vitamin B group) and in- 
organic salts (particularly potassium and phosphate); over 10 cent, of 
carbohydrates are present, including glycogen, trehalose and pentoses. 
Yeast extract is us^ mainly as a comprehensive source of growth factors 
and may be substituted for meat extract in culture media. 

Blood . — Blood for use in media must be collected witit asqitic pre- 
cautions adequate to exclude bacterial contamination and preserve the 
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blood in its original sterile condition. Any attempt to sterilise blood by 
heat would lead to disintegration of the cells, coagulation of c<^ and 
senmi protdns, and denaturation of the red haemoglobin to brown 
derivative. It must be rendered non-coagulatii^ by defibrination or by 
the addition of citrate or oxalate; the former is recommended because 
it involve no additive that m^ht alter the nutritive propertie of the 
medium. 

Sterile horse blood can be obtained commercially, defflninated from 
Evans Medical Supplie Ltd., Liverpool, and oxalated from Burroughs 
Wellcome Ltd. Alternatively blood may be collected from rabbits and 
other laboratory animals, sheep, oxen and horses at the abattoir, or from 
man. 

Small amounts of blood may be obtained from rabbits, up to 20-30 ml. 
from the ear vein and about 50 ml. per kg. body weight by cardiac 
puncture. The procedures for withdrawing blood aseptically in these 
ways are described on p. 1008. The blood should be collected into a 
sterile bottle containing glass beads; as soon as this is half full, it is 
stoppered and shaken for 5 min. to separate the fibrin. 

Very large quantities of sterile blood are obtained from sheep or 
horses. A cannula or wide-bore needle is inserted into the external 
jugular vein. If a sheep is selected, the wool is clipped from the side of 
the neck and the part shaved. Contamination can be minimised by 
placing a bag made of waterproof material over the head of the animal. 
It is ^t to use a cannula connected with rubber tubing to a screw- 
capped bottle containing glass beads or anticoagtilant, the whole being 
enclosed in kraft paper and sterilised. The vein may be made prominent 
by pressure on the lower part of the side of the neck. The skin over the 
vein is carefully sterilised with soap and water and then alcohol. The 
cannula is inserted into the vrin and the requisite amount of blood 
removed. Horses are treated similarly except that it is advisable to make 
a small incision with a sharp knife in the skin over the vein. The 
cannula is then more easily introduced. 

For defibrination, a bottle containing glass beads is half filled with the 
blood, stoppered at once and shaken continuously for 5 min. Oxalated 
blood is prepared by bleedii^ the animals into bottles containing 10 ml. 
of a 10 per cent, solution of neutral potassium oxalate per litre of blood. 

The sterile blood is immediately distributed in 5 or 10 ml. amounts in 
sterile |-oz. screw-capped bottles and stored in the refrigerator. It will 
keep for up to two months. It must not be allowed to freeze or the 
corpusdes may be lysed. 

FUdei PtpHc D^est of Blood . — ^Peptic digestion of blood liberates 
nutrients from red cells. Fildes’ d^t is prepared as foUows: 

Sodium chloride, NaCl, 0*85 per cent, aqueous ISO ml. 
Hydrochloric add, HCl, pure . . . 6 mL 

Defibrinated sheep blood . 50 ml. 

Pepsin (B.P. granulated) . . . > 1 g* 

Sodium hydroxide, NaOH, 20 per cent aqueous About 12 ml 

Cfak»oform 0*5 ml 

3a 
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In a stoppered bottle, mix the saline, add, blood and pepsin. Heat at 
55** C. for 2-24 hr. Add sodium hydroxide until a sample of the mixture 
diluted with water gives a permanganate red colour with cresol red 
indicator. Add pure hydrochloric add drop by drop until a sample of 
l^e mixture shows almost no chan^ of colour wim cresol red but a 
definite red tint with phenol red. It is important to avoid excess of add. 
Add chloroform and shake the mixture vigorously. 

This peptic digest of blood keeps well for months. 

Smm . — Serum for use in media need not be collected with aseptic 
precautions because it can be Sdtz-filtered to sterilise it. Sterile horse 
serum can be obtained commeraally. 

If serum is to be collected without aseptic precautions, a jwide- 
mouthed stoppered bottle is taken to the abattoir at a time when ammals, 
preferably sheep, are being killed. After the neck vessels have\been 
severed, the blood is allowed to fiow for a short time and then the sveam 
from the carotid artery is allowed to spurt directly into the bottle. \^en 
filled, the bottle is stoppered and returned carefully to the laboramry. 
The clot is then separated from the sides of the bottle by means of a stiff 
wire. The blood is kept overnight in the refrigerator and the clear 
serum is then pipetted off. At some abattoirs serum is prepared in bulk 
from blood allowed to coagulate in open trays; this is liable to greater 
bacterial contamination, but may be used when large quantities are 
required. 

Serum may also be prepared from unsterile defibrinated or oxalated 
blood which does not clot on standing. It is stored overnight in the cold 
to allow settling of the corpuscles, and the serum or plasma is siphoned 
off into a Winchester quart bottle. Plasma requires warming to about 
37° C., the addition of 22*5 ml. of a 4 per cent, solution of calcium 
chloride per litre and shaking, preferably on a machine, until the fibrin 
has separated. 

Serum is sterilised by filtration through a Seitz filter using a sterilising 
grade of Ford’s Sterimat asbestos-cellulose disk, and may be stored at 
3-5“ C. in the refrigerator until required for use. It is convenioit to 
store serum in a lai^e sterile screw-capped bottle of 1-5 litres capacity, 
fitted with siphon delivery tube and hooded pipette, as described on 
p. 729. 

Small quantities of serum may be prepared without filtration from 
sterile rabbit blood. The blood is collected into a sterile container and 
allowed to clot. Free contraction of the dot is assisted if the container is 
lined with agar; 10 ml. of melted 1*5 per cent, agar in physiological saline 
(0*85 per cent NaCl) is spread inside an 8 x 1 in. boiling tube by rotating 
the tube until the agar sets as a thin layer. When me blooid is fully 
coagulated the serum is removed with a sterile pipette. It may require 
centriftiging to remove any remainii^; red ceils. It can Ite stiued in 
stoile screw-capped bottles, preferably fresh but it can be httted at 
56“ C. for 1 hr. without being coagulated. 
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FORMULAE FOR THE TOEPARATION OF CULTURE 

MEDIA 

DEHYDRATED CULTURE MEDIA 

Culture media are av^ble in dehydrated form from 
firms. These arc especially convenient for small laboratories ^ere 
facilities for medium making are inadequate. The dehydrated medium 
is dissolved in water according to the directions supplied, and the result- 
ing preparation is tubed or bottled and sterilised in the usual way. 
While such media are satisfactory for most purposes, they are not equal 
in quality to freshly made culture media, particularly those made from 
fresh meat. 


SYNTHETIC MEDIA 

Minimal Medium of Davis and Mingioli and its Valiants 

This medium is suitable for growth of a wide variety of bacteria for 
research purposes. 


Basal medium 

Glucose, sterile 10 per cent, solution . 20 ml. 

Dipotassium hydrogen phosphate, KjHPO, . 7 g. 

Potassium dihydrogen phosphate, KHjPOj 3 g. 

Sodium citrate, Na8CcH507.2H20 0*5 g. 

Magnesium sulphate, MgS04.7H20 0*1 g. 

Amimonium sulphate, (NH4)2 SO4 1 g. 

Agar, if required 20 g. 

Distilled water to 11. 

Trace element sotution 

Ferrous sulphate, FeS04.7H20 0*5 g. 

Zinc sulphate, ZnS04.7H20 . 0*5 g. 

Manganese sulphate, MnS04.3H20 0*5 g. 

Sulphuric acid, H2SO4, 0*1 N . 10 1^. 

Distilled water .... 11 . 


Since glucose is partly decomposed when autoclaved in the presence 
of phdspluite, it is added as a sterile solution after the remainder of tiie 
medium has been autoclaved. 

Essential minerala other tium those in the basal medium are likely to 
be present in sufficient amounts contaminating agar, water and other 
ingredients. If necessary, 5 ml. of the trace element solution and also 
1 ml. of a 1 pm: cent, calcium chloride solution may be added per litre of 
medium. 

The large phosphate content is required to buffer the add that is 
formed by fermentation of glucose, the mixture shown givi^ a pH of 
7*1. If it ig reipiired that the phosphate content of the medtum dundd 
be^ow, a dtrate or bicarbonate buffer may be used. Thus a pH 7*1 is 
obtained by incorporation cd 0*3 p^ cent, of NaHCOg in me mednnn 
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and incubation of the culture in an atmosphere containing 20 per cent 

^J^b^substitoted for the glucose. The citrate may be 
omitted. Particular ammo adds or growth factors may be added, or a 
mixture of the essential ammo adds in the form of a vitamm~£ree casein 
hir/irntvB9tf> tn orivr> a nearlv defined medium. 


NUTRIENT BROTEI 

This is the basis of most media used in the study of the common 
pathogenic bacteria. There are three types of nutrient broth; meat in- 
fusion broth consisting of a watery extract of lean meat to which protom 
is added; meat extract broth prepared as a mixture of commercia 
tone and meat extract; and digest broth consisting of a watery ext 
lean meat that has been digested with a proteolytic enzyme 
additional peptone need not be added. 



MEAT INFUSION BROTHS 

These are good broths but the amount of peptone in them makes then 
expensive compared with digest broths. 


Standard Meat Infiuion Brotb 


Lean meat, ox heart or beei 500 g. 

Water ... 11. 

Peptone ... 10 to 20 1 

RfiHiiifn rhlnridp 5 g 


The type of meat used is an important factor in determining thi 
quality of the broth. It should be fresh, not frozen. Horse flesh i; 
cheap, but is usually not so fresh, and, coming from older animals, ii 
more fibrous than beef. In addition it contains a higher percentage o: 
fermentable sugar which may make the broth unsuitable for man^ 
purposes, such as the preparation of toxins. 

Carefully remove all fat from the meat and mince it as finely as 
possible. Add the minced meat to the water and extract for 24 hr. in th( 
cold, for example in the refrigerator, then strain through muslin anc 
express the meat residue. The extract is bright red and often has a thin 
surface layer of fat which can be removed by skimming with a piece ol 
filter paper. Boil for 15 min. or steam at 100® C. for 2 hr. The extract 
becomes brown and turbid because haemoglobin is altered and soluble 
proteins arc coagulated. Filter. If filtration is done when the medium 
is hot, use a hardened filter paper as recommended for agar. 'Ore 
extract should be dear and light yellow in colour. Add the peptone and 
salt and dissolve by heat Filter. The reaction of the broth will add 
because of lactic acid ftom the meat. Adjust to the desired pH, usuall" 
7*5, which will give a final pH of 7*4, distribute to tubes or bottles an 
sterilise by autodavim; at 121® C. for 15 mil 
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Writ’s (1933) Meat Infasion Brodi 

This differs from ordinary meat infusion broth in that veal is used and 
the peptone and salt are present when the meat is extracted. A little 
(O' 15 per cent.) glucose is added and the medium is especially good for 
the cultivation of the pneumococcus, although anaerobes sudh as the 
tetanus bacillus do not grow well in it. 


MEAT EXTRACT BROTHS 

These broths are the easiest and quickest to prepare. Th^ can be 
varied widely but are usually less nutritive than infusion or digest broths. 
They are good for the preservation of stock cultures. 

Standard Meat Extract Broth 


Peptone ... 10 g. 

Meat extract (Lab-Lemco) 10 g. 

Sodium chloride, NaCl 5 g. 

Watw 11. 


Mix the ingredients and dissolve them by heating briefly in the 
steamer. When cool, adjust the pH to 7.5-7'6. A precipitate of phos- 
phates may appear and Ais may be removed by filtration through filter 
paper. If clarity of the broth is essential, the mixture should be adjusted 
to pH 8-0, heated at 100° C. for 30 min. to precipitate most of the 
phosphates, cooled, filtered and finally adjusted to pH 7*5. Distribute 
in tubes or bottles and sterilise by autoclaving at 121° C. for 15 min. 

The medium should be clear. The presence of a deposit, generally of 
phosphates, does not interfere with the nutrient value of the medium, 
but it may hinder the recognition of slight bacterial growth indicated by 
a developing turbidity. 

of Meat Extract Broth 

The formula for meat extract broth may be varied. With leas exacting 
bacteria, 0-5 per cent, of peptone and 0-3 per cent, of meat extract are 
sufiicient, and if the peptone is of high quality it n»y be possible to oimt 
the meat extract. Sodium chloride can be omitted witoout reduemg toe 
nutritive value of the medium, but then the broth is hypotonic enough to 
lyse red cells and is unsuitable as a base for blood agar. 

Sometimes meat extract is replaced by yeast extract, or peptone is 
replaced by either casein hydrolysate or soya hydrolysate. 


DIGEST BROTHS 

Digest broths are economical and are good for obtain^ limiriant 
growths of exacting o^pmisma. However, ojlturw tend to ^ 
rapidly in proteolytic enz 3 rme used may be vanea. ixypatn 
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obtained from pancreas, and papain (Asheshov, 1941) obtained from 
paw-paw may be used, attention being paid to the optimum temperature 
and pH for activity of the enzyme. 


Hartley's Broth 

Trypsin is the proteolytic cnz)rme used to prepare this medium. 

Pancreatic extract (Cole and Onslow) 

Fresh pig pancreas 500 g. 

Water 1500 ml. 

Absolute alcohol or methylated spirit (see , 

p. 643) . ... . 500 ml. i 

Concentrated hydrochloric add, HCl About 2 

Remove the fat from the pancreas, mince it and mix it with the Water 
and alcohol. Shake the mixture thoroughly in a large stoppered pottle 
and allow it to stand for three days at room temperature, sh^ng 
occasionally. Strain through muslin and filter through paper. Measure 
the volume of the filtrate and add 0-1 per cent, hydrochloric acid. This 
causes a cloudy precipitate which settles in a few days and can be 
filtered ofiF, although this is not essential. 

This extract keeps for about two months in stoppered bottles in the 
cold. If used at once there is no need to add acid, whose action is to 
retard the slow deterioration of the trypsin. 


Preparation of complete medium 
Lean meat, ox heart, or beef 1500 g. 

Water .... 2500 ml. 

Sodium carbonate, NagCOs, 0’8 per cent, solution 2500 ml. 
Pancreatic extract ...... 50 ml. 

Chloroform ....... 50 ml. 

Concentrated hydrochloric add, HCl 40 ml. 


Mix the meat and water and heat them in the steam steriliser until a 
temperature of 80° C. is reached. Add the sodium carbonate, cool to 
45° C. and add the pancreatic extract and chloroform. Incubate the 
mixture at 37° C. for 6 hr. or 45° C. for 3 hr., stirring frequently. When 
digestion is complete, add the add, steam at 100° C. for 30 min. and 
filter. The broth is stored in an add condition in one-gallon screw- 
capped bottles with 0*25 per cent, of chloroform. Shake vigorously and 
frequently in the next two or three days. Store in a cool, &k place. 

For use, adjust to pH 8*0 with normal caustic soda and steam at 
100° C. for 1 hr. to precipitate phosphates. Filter while hot and allow to 
cool. Adjust the reaction to pH 7*6, distribute, and autoclave at 1 15° C. 
for 20 min. 


Hone Flesh Digest Medium 

This medium is a pancreatic digest of horse meat enriched by die 
addition of peptone and sterilised by Sdtz filtration to preserve heat- 
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sensitive substances. It is specially suitable for cultivating haemolytic 
streptococci when an abimdant growth is required. 


Horse flesh 900 g. 

Water 3500 ml. 

Sodium carbonate, NajCOs g. 

Pancreatin 17*5 g. 

Concentrated hydrochloric acid, HCl 20 nu. 

Peptone, high quality ... 35 g. 

Calcium chloride, CaCl 2 ... 4*4 g. 

Sodium bicarbonate, Na^HCOa 7 g. 


Mince the meat and mix it with 1500 ml. of cold water, raising the 
temperature to 80° C. Add the remainder of the cold water and the 
sodium carbonate. Adjust the pH to 8*0, add the pancreatin and keep 
the mixture at 56° C. for 6 hr. Add the acid, boil at 100° C. for 30 min. 
to arrest digestion and filter. Add the peptone, adjust the pH to 8*0, add 
the calcium chloride, steam and filter when cold. Add the so^um 
bicarbonate and filter through a Seitz filter. 

Store in bottles, first incubated at 37° C. to test for sterility. 


NUTRIENT AGAR 
Standard Nutrient Agar 

Nutrient agar is nutrient broth solidified by the addition of agar. It 
should be noted that nutrient agar is frequently referred to as “agar”, 
the context making clear that the agar>broth mixture is meant and not 
the pure, non-nutritive agar itself. Japanese agar yields a gel of suitable 
firmness at a concentration of about 2 per cent, and New Zealand agar at 
about 1*2 per cent. 


Semi-Solid Agar 

For special purposes agar is added to media in concentrations that are 
too low to solidify them. At 0-2-0-5 per cent, it yields a semi-solid 
medium through which motile, but not non-motile, bacteria may spread 
(see p. 833). At 0*05-0*l per cent, it prevents convection currents and 
retards the difPusion of air into media used for anaerobic and roicro- 
aerophilic organisms. 


Concentrated Kgat 

If agar is added to media in concentrations greater than that necessary 
for solidification, “spreading” bacteria such as Pr. vu^eris jmd CL 
tetam will grow as discrete colonies. The necessary concentradon must 
be determined by experiment but 6 per cent, of Japanese i^;ar and 4 per 
cent, of New Zealand agar are usually satisfactory. 

Concentrated agar takes longer to dissolve and to cool and is watt 
difficult tojumdle than agar at ordhutry ooncentrations. 
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STANDARD BASAL MEDIUM 
CYLG medium 

In this modification (Marshall and Kelsey, 1960) of the CCY medium 
of Gladstone and Fildes (1940) yeast autolysate and casein digest replace 
the meat extract and peptone of broth. It is a good nutrient medium, 
cheap and easy to prepare, versatile in use and as fully defined as 
possible in terms of known nutritional factors. 


Inorganic salt solution 


Magnesium sulphate, MgS 04 . 7 H 20 

4g- 

Manganese sulphate, MnS 04 . 4 H 20 

. 0-4 g. 

Ferrous sulphate, FeS 04 . 7 H 20 . 

. 0-4 g. 

Water .... 

. 100 ml. 

Sulphuric add, 10 iV H 2 SO 4 

2 drops 

Dissolve the salts and acidify them. 


Concentrate for storage 


Casein digest (Oxoid Tiyptone) . 

10 g. 

Yeast autolysate (Marmite) 

5 g. 

Sodium glycerophosphate 

10 g. 

Potassium lactate, 50 per cent, w/w 

10 ml. 

Inorganic salt solution 

. 5 ml. 

Water to 

100 ml. 


Dissolve the ingredients. Filter. The concentrate can be stored in 
this form at room temperature without autoclaving provided a volatile 
preservative is added; 3-4 ml. per litre of carbon tetrachloride/toluene 
( 1 : 1 , v/v) is recommended. 


Sterile glucose solution 
Glucose 
Water 


20 g. 

100 ml. 


Dissolve and autoclave at 121® C. for 20 min. at a pH not greater 
than 7. Adding a drop of phosphoric acid ensures that the solution is 
not alkaline. 


Dofuble strength agar 
Agar 
Water 


40 g. 
1 1 . 


Dissolve the agar, filter if necessary and distribute 100 ml. amounts in 
200 ml. bottles. Autoclave at 121° C. for 25 min. 

Preparation of complete CYLG liquid medium 
Concentrate 100 ml. 

WatCT .... 900 ml. 

Sterile glucose solution . . 10 ml. 

Dilute the concentrate with water, autoclave it at 121® C. for 30 min. 
and add the glucose with sterile precautions. 
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PreparaHm ^complete soUd medam 


Concentrate 20 ml. 

Water 80 ml. 

Double strength agar .... 100 ml. 

Sterile glucose solution .... 2 ml. 


Melt the agar, add the concentrate and water, autoclave at 121® C. for 
20 min. and add the glucose with sterile precautions. 

Preparation of supplemented CYLG media , — Additional ingredients 
such as blood or serum can replace part of the water when the concen- 
trate is diluted. For MacConkey-type media, solutions of ingredients 
such as lactose, bile salts and neutral red replace some of the water, and 
glucose is omitted. 

CARBOHYDRATE-FREE BASAL MEDIUM 
Peptone Water 

This medium is used chiefly as the basis for sugar fermentation 
media (see Chap. 48), since broth may contain a small amount of sugar 
derived from meat and it is essential that the basal medium to which 
various carbohydrates are added for fermentation tests should be free 
from natural sugars. It is also used to test the formation of indole. 


Peptone 

10 g. 

Sodium chloride, NaCl 

5 g- 

Water . 

1 1 . 


Dissolve the ingredients in warm water, adjust the pH to 7*4-7*5 and 
Alter. Distribute as required and autoclave at 121° C. for 15 min. 

ENRICHED CULTURE MEDIA FOR GENERAL USE 

Any additional enrichment may be added to nutrient broth or nutrient 
agar. Some of these enriched media are described here. 

Blood Agar and Brodi 

Blood t^;ar is widely used in medical bacteriology. It is especially 
suitable for the gonococcus, the haemophilic group of bacteria and other 
delicate pathogens. In addition to being an enriched mediuin, it is an 
indicator medium showing the haemolytic properties of bacteria su<di as 
Strept. pyogenes. It is generally poured as plates. 

The medium is prepared by adding sterile blood to sterile nutrient 
agar that has been melted and cooled to 55° C. The appropriate amount 
of blood can be poured from a screw-capped bottle. No pipette is 
necessary as the screw cap keeps the lip of the bottle sterile. 

The concentration of blood tnay be varied from 5 per cent, up to 50 
per cent, for special purposes. Ten per cent, is the most usual concen- 
tration. Either human or animal blood may be used. Horse blood is 
the commonest. 
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A fairly thick layer of medium » reqi^ ««««ive dryj„„ 

during iiicubation and if this 

the medium is almost opaque wh^ viewed by Ornmam hgbt and 
hemolysis is difficult to see. Double-layer blood w ovwwroes this 
S3 A thin layer of melted nutnent agar, ^ 7 ml. for a 4-in. 

pfLTbLdagar is poured on top of the £rst la^. Any bubbles 
S^sed by the m£g of the blood and agar can 
drawing a Bunsen Same quickly across the surface of the medium m the 

Nutrient broth to which 5 to 10 per cent, of blood has been added with 
sterile precautions is occasionally used as an enriched liquid mpdium. 


Heated Blood Agar {“Chocolate Agar") 

This medium is suitable for H. influenzae and other organisms duch as 
the pneumococcus. During heating the red cells are ruptured and 
nutrients are liberated. 

It is prepared by heating 10 per cent, of sterile blood in sterile 
nutrient agar. Melt the agar, cool it in a waterbath at 75° C., add the 
blood and allow the medium to remain at 75° C., mixing the blood and 
agar by gentle agitation from time to time until the blood becomes 
chocolate-brown in colour, within about 10 min. Then pour as slopes 
or plates. 

An alternative method of preparing plates of heated blood agar 
(Naylor, 1961) involves the heating of already poured and set plates of 
ordinary blood agar. The blood agar plates are held in an incubator or 
hot air oven at 55° C. for 1-2 hr. The exact time of heating required for 
“chocolating” depends on the conditions of heating and is determined 
by trial. Colonies of H. influenzae on this medium are larger than on 
medium heated at 75° C. and it is more conveniently prepared. 


Serum Agar and Broth 

Serum agar can be used to grow the more highly exacting pathogens. 
It is gener^y used as slopes. 

It is prepared by adding 10 per cent, of sterile serum to sterile nutrient 
agar that 1^ been melted and cooled to 55° C. In an emergency, a use- 
ful but less satisfactory serum medium can be made by running a few 
drops of sterile serum over the surface of a nutrient agar slope or plate. 

Serum broth is frequently used for liquid medium cultures of die 
more lughly exacting pathogens. It is prepared by adding 10 per cent, 
of sterile serum to sterile nutrient broth. 

Sterile hydrocele fluid or ascitic fluid may be used instead of senun. 


Fildes* Agar and Broth 

Fildes’ peptic digest of blood is added to nutrient broth or agar in the 
proportion of 2 to 5 per cent, after heating at 55“ C. for 30 min. to 
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CAiifiow Agn tod irotii 

Glucose added to nutrient medU promotes luxuriant growth nf many 
organisms. It also acts as a redudng ^nt, and glucose agar is u s ed for 
deep stab and shake cultures of anaerobes. 

If glucose is added brfore autoclaving the mediiun, some darkening of 
it may occur. It is better to prepare a 20 per cent, solution of glucose 
separately, add a drop of phosphoric acid to ensure that the pH is not 
more than 7*0, and autoclave at 1 15° C. for 20 min. The sterile glucose 
can then be added with sterile precautions to the sterile basal medium. 

Concentrations of 0*1, 0*25 and 1*0 per cent, glucose are used. One 
per cent, is the commonest. 


p-Aminobenasoic Acid in Culture Media 

There may be enough sulphonamide in the blood stream of patients 
treated with sulphonamide compounds to prevent the growth of bacteria 
when blood culture is carried out. As the sulphonamide is antagonised 
byp-aminobenzoic acid (p. 890), its addition to the medium will prevent 
the bacteriostatic action of the sulphonamide. It has also been found 
valuable in media for the isolation of pathogenic cocci. Even if no 
sulphonamide has been administered, p-aminobenzoic acid improves the 
nutritive qualities of the medium. 

p-aminobenzoic add is added in the proportion of 5 to 10 mg. per 
100 ml. of medium. It is stable and withstands autoclaving. 


MEDIA FOR THE CULTIVATION OF STAPHVLOCOCa 

Milk Agar 

On this medium (Christie and Keogh, 1940) large characteristic 
colonies of staphylococd appear within 24 hr. Pigmentation is par- 
ticularly marked and easily recognised against the opaque white back- 
ground; this fadlitates recognition of weakly aureus colonies. 

Fresh milk 100 ml. 

Sterile nutrient agar, containing 3 per cent agar 200 mL 

Heat the milk to 60° C., shake it, then sterilise it by autoclaving at 
121° C. for 20 min. Repeated sterilisation should be avoided as this 
causes caramelisation wirii alteration of colour. Suitable sterilised milk 
may be obtained commercially. 

Melt the agar, cool to 56° C., mix with the milk and pour plates or 
make slopes. 

Glycerol Momwcetate Agar 

This medium (Jacobs, Willis and Goodbum, l%4)t8attalletiuttiveto 
milk agar for the otamination of dinical apedmeaa, particoktriy nose 
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Sare usually porcclain-^te. ^ 

IS 48 hours’ incubation. Colonitt from Hut iiii4ilim gio^ brirft “ 
coarse clumping in the slide coagulate teat. 



Heart infusion broth (Bacto) 
Glycerol monoacetate (BDH) 
Agar 


IjJOml. 
Sfr 

^g. 


• -ro’ 

Dissolve the agar in the broth by steaming at 100* C- add the 
glyceride and autoclave at 121* C. for 15 min. Cbol to 50-55* C, mix 
thoroughly to ensure even distribution of the glyvende end pr^r plates 

immediately. . • . r . , . 

The use of heart infusion base is essential. Overheating of the 
medium must be avoided; it cannot be allowed to solidify and then be 

remelted. 


GaI# 


Staphylococci grow in sodium chloride conwntrations that are high 
enough to be inhibitory to many other bacteria (Hill & White, 1929 1 
Fairbrotfaer & Southall, 1950). Salt has been used m selective media 
for isolating Staph, aureus when these organisms are likely to be present 
in small numbers, as in faeces. 


Salt Cooked Meat Broth . — This is the most satisfactory salt liquid 
medium. It is less inhibitory to staphylococci than meat extract or 
digest broth containing increased salt and enables very small numbers to 
be detected. It is prepared in the same way as cooked meat broth except 
that 10 per cent, of sodium chloride is added to the peptone infusion 
broth. 


Salt Milk Agar , — Besides being selective, salt in this medium has been 
regarded as increasing chromogenesis. The medium is prepared in the 
same way as milk agar excepting that 8-10 per cent, of sodium chloride 
is added. 

Salt Glycerol Monoacetate Agar . — For isolating staphylococci from 
sources such as blankets and dust, 5 per cent, of sodium chloride may be 
added before the glyceride. 


Polymyxin Agar 

Lithium chloride and tellurite (Ludlam, 1949) have been used in a 
selective medium for Staph, aureus. More recently it has been found 
that coagulase-positive strains of staphylococci grow well on nutrient 
agar containing concentrations of polymyxin Aat inhibit coagulase- 
n^tive strains (Finegold & Sweeney, 1961). Pol)rmyxin also i^bits 
coliform bacilli. Growth and pigment production by Staph, aureus are 
opting after U hours’ incubation and at this time growth of other 
organisins is mmimal. C^cloheximide (Actidione), 400 pg. per ml., may 
be added to inhibit fungi in cultures from air, dust and clothes. 
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. U* 

. 75 tog. 


Melt dw add die polymyxm and autoclave at 121* C. for 30 mm. 

Pour platea. 


MEDIA FOR THE CULTIVATION OF STREPT. PYOGENES 
Crystal Violet Blood Agar 

The addition of a low concentration (1 in 500,000, i.e. 0-0002 per 
cent.) of crystal violet to blood agar inhibits the growth of some bacteria, 
notably staphylococci, while allowing the growth of Strept. iyogenes. 
Crystal violet blood agar is therefore a selective medium for Strept. 
pyogenes. 

Sterile nutrient agar ... 90 ml. 

Sterile horse blood .... 10 ml. 

Crystal violet, 1 in 1000 aqueous solution 0-2 ml. 

Melt the agar, cool to 50° C., add the blood and crystal violet and pour 
plates. 


Todd^ewitt Meat Infusion Broth 

This glucose broth is used for typing Strept. pyogenes (Diagnostic 
Procedures and Reagents, 1950). The pH of the me£um is high (7-8) 
and it contains 0-2 per cent, glucose. 


MEDIA FOR THE CULTIVATION OF CORTNEBACTERIA 
Hoyle’s Medium 

This medium (Hoyle, 1941) is satisfactory for routine examination of 
throat swabs for the diphtheria bacillus. Type differentiation on 
colonial morphology is not as good as on other media. It is a medium 
for isolation rather than typing of diphtheria bacilli. 


Agar base 


Meat extract (Lab-Lemco) 

. 10 g. 

Peptone (Difco proteose, or Evans) . 

. 10 g. 

So^um chloride, NaQ .... 

■ 5g. 

Agar 

. . 20g. 

V7ater ... ... 

. 1 1 . 


Dissolve the ingredients and adjust the pH to 7-8. Distribute in 100 
tnl. quantities in screw-capped bottles and autoclave at 121° C. for 
25 min. 

Laked horse 51bod.— Sterile hmee blood may be laked by foeeaag and 
thawii^ four times and then stored in the cold, preferably firosea. 
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It is more simple and convenient to lake with aapoiun (young, 1942), 
Prepare 10 per cent, saponin (white) in water and sterilise it in the auto> 
clave at 1 15° C. for 30 min. Incubate the blood for 15 min., add 0*5 ml 
saponin solution for each 10 ml. blood and invert the bottle gently 
Seva’s! times to ensure thorough mixing, avoiding the formation of 
bubbles. Replace the blood in the incubator for a further 15 min. when 
it should have an ‘‘inky” black appearance. It will keep for several 
months in the refrigerator. 

Tellurite solution 

Potassium tellurite, KjTeOs 0*7 g. 

Water .... ... 20 ml. 

Dissolve, autoclave at 115° C. for 20 min. and store in a ughtly 
stoppered bottle in the dark. V 

Preparation of confute medium \ 

Agar base ... .... 200 mi 

Laked blood .... 10 ml. ' 

Tellurite solution .... .2 ml. 

Melt the agar and cool it to 55° C., add the blood and tellurite and 
pour plates. 


Anderson’s Medium 


This medium can be recommended for the provisional detection of 
C. diphtheriae from throat swabs in 24 hr. (Anderson, 1944). It is 
selective and preserves the microscopic morphology of C. diphtheriae but 
type-specific colonial morphology is not elicited. 


Agar hose 

Meat extract (Lab-Lemco) 
Peptone (Parke, Davis & Co.) 
Sodium chloride, NaCl . 

Agar 




5 g- 

10 g 

5g. 
2Sg 
1 1 . 


Dissolve the ingredients and adjust the pH to 7'6. Distribute in 100 
ml. quantities in bottles and autoclave at 121° C. for 25 min. 


Glycerolated blood tellurite mixture 
Sterile defibrinated sheep blood 14 ml. 

Sterile glycerol 6 ml. 

Sterile tellurite solution, 1 per cent, aqueous 4 ml. 

Sterilise the glycerol in a hot air oven at 160° C. for 60 min. and the 
tellurite solution by autoclaving at 115° C. for 20 min. Mix the in- 
gredients in a sterile flask, incubate for 1-2 hr. at 37° C., then refrigerate. 
Haemolysis is complete after 24 hr. The mixture keeps well in the 
refrigerator. 

A one per cent solution oi good quality tdlurite is sufficient but up to 
two per cent of some batches is necessary. 
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Prnparatim ^ eompleU medium 

Agar base 100 ml 

Glycerolated blood tellurite mixture . .24 mb 

Melt the agar, cool to 45® C., add the blood and tellurite and pour 
plates. 

Downie’s Medium 

The classical medium for the typing of C. diphthmae is McLeod’s 
medium (Anderson, Happold, Mcl^od and Thomson, 1931) which is a 
chocolate agar medium made from a meat infusion broth sterilised by 
filtration to avoid heating, rabbit blood and tellurite. Downie’s medium 
is easier to prepare and has been used to give good differentiation of the 
tjrpes of C. diphtheriae on colonial morphology without interfering with 
microscopic morphology. 

Nutrient agar 100 mL 

Sterile defibrinated blood ... 10 ml. 

Sterile tellurite solution, 4 per cent, aqueous 1 ml. 

The effectiveness of the medium depends on the quality of the 
nutrient agar. A digest broth agar may be satisfactory or may require 
the addition of 1 per cent, peptone. 

The potassium tellurite solution is prepared as for Hoyle’s medium. 
Double layer plates are poured, a layer of nutrient agar being covered by a 
layer of blood tellurite agar. 


Lfiffler’s Serum Medium 

This medium is especially useful for cultivation of the diphtherui 
bacillus, producing luxuriant growth in 12 to 18 hr. with characteristic 
staining of the organism by Neisser’s and Albert’s methods. It is also 
used to show proteolytic properties particularly of Clostridium species. 

Sterile ox, sheep or horse serum 300 ml. 

Nutrient broth . 100 ml. 

Glucose .... 1 g. 

Dissolve the glucose in the broth and autoclave at 115° C. for 20 mm. 
Add the glucose broth to the serum with sterile precautions and dis- 
tribute in sterile test tubes or in 2*5 ml amounts in sterile botffes. 
To inspissate, tubes are laid on a sloped tray but bottles are laid flat with 
the caps tightly screwed on. The temperature is then slowly raised to 
80-85° C. and maintained for 2 hr., whm the serum coagialates to a 
yellowish-white solid. 

If an in^issator is not available, the serum may be coaguh^ by 
placing the slanted tubes at toe top of a steam steriliser, where toe 
temperature is a little below 100° C., fmr 5>7 min. Overiieatinj^ causes 
expansion of air bubbles and toe formation of steam frmn toe fliud drop- 
lets in the partially sdklifled material, leading to dxuuptkm of toe 
medium. 
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Inspissated medium should be allowed to cool before being handled. 
Medium in screw-capped bottles can be stored for a long peri^ of time. 


MEDIA FOR TEIE CULTIVATION OF LACTOBACILLI 

DeMan, Rogosa and Sharpe’s (1960) Medium 

This is a non-selective medium that supports good growth of lacto- 
bacilli. Slightly modified, it serves as a basal medium for fermentation 
tests and made with agar, it can be used as a plating medium. 


Peptone (Oxoid) . . 10 g. 

Meat extract (Lab-Lemco) 10 g. 

Yeast extract . . . . 5 gA 

Glucose ... . 20 gl 

Tween 80 (Polyoxyethylene sorbttan mono-oleate) . 1 ml.\ 

Dipotassium hydrogen phosphate, K 2 HPO 4 2 g. \ 

Sodium acetate, CH 8 C 00 Na. 3 H 20 . 5 g. ' 

Triammonium citrate . . 2 g. 

Magnesium sulphate, MgS 04 . 7 H 20 200 mg. 

Manganese sulphate, MnS 04 . 4 H 20 50 mg. 

Water ..... ..11. 


Dissolve the ingredients, distribute and autoclave at 121° C. foi 
15 min. The pH hes between 6*0 and 6*5 after sterilisation. 

Tomato Juice Agar 

Hadley's Modification of Ktdp and White's Medium . — In the formula 
given here, Hadley’s (1933) medium is further modified by replacing 
peptonised milk with casein hydrolysate. Tomato juice provides 
growth factors and a pH of 5*0 makes the medium selective for lacto- 
bacilli. The medium can be used for counts of lactobacilli in saliva. 


Peptone .... 

* m * 

• 1 g* 

Casein hydroljrsate 


• Ig. 

Tomato juice 

. * 

40 ml. 

Agar 

, 

2 g. 

Water 

* . 

60 ml. 


The tomato juice sold as a beverage is not suitable. Juice must be 
expressed from canned whole tomatoes. 

Dissolve the peptone and casein hydrolysate in the tomato juice, 
heating gently and taking care to avoid overheating. Adjust to pH 5*0 
with lactic acid. Dissolve the agar in the water and mix both solutions 
while th^ are hot. Filter through a thin layer of absorbent cotton-wool, 
distribute in 100 -ml. mounts and autodave at 115° C. for 10 min. 

On cooling, the tonuto tends to flocculate. On remelting the me^um 
the botde must be inverted several times until the tomato goes into sus- 
pension. At pH 5*0, agar tends to be hydrolysed on hmting snd 
repeated melting of a batch of this medium should be avoided. 
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MEDIA FOR THE CULTIVATION OF MYCOBACISRIA 
Ldwenstein-Jensen Medium 

As prescribed by the International Union asainst Tuberculosis 
(lUT). 

This medium (Jensen, 1955) has been modified from the original 
Lowenstein- Jensen medium by omittii^ starch, which makes it more 
difficult to prepare and is unnecessary for the growth of tubercle bacilli. 
Malachite green suppresses the growth of organisms other than myco- 
bacteria. The medium is recommended for the isolation of the human 
t 3 ^e of the tubercle bacillus whose growth is enhanced by glycerol, and 
for drug sensitivity tests. Colonial morphology on this medium allows 
the differentiation of human and bovine t 5 rpes. 

Mineral salt solution 

Potassium dihydrogen phosphate, KHjPO, anhy- 


drous .2*4 g. 

Magnesium sulphate, MgS 04 0*24 g. 

Magnesium citrate . 0-6 g. 

Asparagine 3*6 g. 

Glycerol 12 ml. 

Water 600 ml. 


Dissolve the ingredients by heating. Autoclave at 121® C. for 25 min. 
to sterilise. This solution keeps indefinitely and may be stored in 
suitable amounts. 

Malachite green solution , — ^Prepare a 2 per cent, solution of malachite 
green in sterile water with sterile precautions by dissolving the dye in the 
incubator for 1-2 hr. This solution can be stored indefinitely and should 
be shaken before use. 

Preparation of complete medium 

Mineral salt solution 600 mL 

Malachite green solution . . 20 ml. 

Beaten egg (20 to 22 hens’ eggs, depending on size) 1 1. 

AH utensils used to prepare the complete medium must be sterile. 
The eggs must be fresh, i.e. not more than four days old. Wash th^ 
thoroughly in warm water with a brurii and a plain adk^ne so^, such as 
Windsor soap, and rinse in running water for 30 min. Drain ofii the 
water and allow the eggs to dry covered with paper until the following 
day. Alternatively, to save time, tiie washed and rinsed e^ m^^te 
dried by sprinkling them with methylated spirit and burning it off. The 
risk is that wet shells lead to contamination of the egg. Before hancUii^ 
the clean, dry eggs, scrub the hands and dry them. Cradttheeggssrima 
sterile kitife into a sterile beaker and beat th^with a sterile egg WiiisL 
There is no need to filter the beaten e^. Mix the oMuplete 
distribute it in 5 ml. amounts in sterile 1 o*. (McCaruwy) briCdei 
3 b 
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screw the caps tightly on. Lay the bottles horizontally in the inspissator 
and heat at TS^-lO” C. for 1 Since the medium has been prepared 
with stmle precautions diis heating is to solidify the medium, not to 
sterilise it. 

The medium will keep for some months in screw-capped bottles, but 
if slopes are made in test tubes they must be stored in &e cold and used 
within a month. 


StonelMriidt’s Medium 

This medium (Stonebrink, 1957) is particularly suitable for the isola- 
tion of bovine strains of the tubercle bacillus. It does not contain 
glycerol, which has no effect on or may even be inhibitory to the Igrowth 
of the bovine type. The medium may also be used for the isoluion of 
human strains ^t are drug-resistant and difficult to grow. It should be 
used for specimens other than sputa and for sputa if the tubercle bacillus 
is highly resistant. It is unsuitable for drug sensitivity tests. 

Mineral salt solution 

Potassium dihydrogen phosphate, KH^PO* anhy- 
drous 7 g. 

Disodium hydrogen phosphate, NajHP 04 . 2 H 20 4 g. 

Sodium p 3 rruvate 12'5 g. 

Water . . ... 1 1. 

Dissolve the salts and autoclave at 12T C. for 30 min. This solution 
keeps indefinitely. 

Malacfdte green solution . — This is a 2 per cent, solution prepared as 
for Ldwenstein-Jensen medium. 

Preparation of complete medium 

Mineral salt solution II. 

Malachite green solution . . 40 ml. 

Beaten egg 21. 

Prepare the beaten egg, mix and dispense the medium with sterile 
precautions and inspissate it as for Ldwenstein-Jensen medium. 


Dmvet’a Egg Medium 

This simple egg medium is suitable for the* growth of laboratory 
strains of tubercle bacilli. In an enurgent^ it may be used for isolations, 
when it would be advisable to add malachite green, but more 
enriched media ^ield the greatest number of positive cultures from 
primary inoculations of specimens from human and animal infections. 

(2 ^ 3 ton.’ dq«idi.t 

otfCHuic Droto < • * • ^ « /hS ixiiw 

Maladiite green solution, 2 per cent, (if for isolatkm 
of tubercle badtli) I'ZSmh 
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Prepwe the beaten egg, and dispense the medium with sterile 
precautions as for Ldwenstein-Jensen. If an inspissator is not avmiid>Ie 
the medium may be solidified in about 20 min. on the top of die steam 
steriliser but it is better to heat at a lower temperature for a longer time. 

Liquid Media for M. tuberculosis 

Various liquid media may be used for growing tubercle bacilli for 
special purposes. For example, Ives and McCormick (1956) recommend 
a medium for culturing tubercle bacilli from pleural fluid. Other liquid 
media include Kirchner’s (1932), Youman’s (19^) and Dubos’s 
(Medical Research Council, 1948) media. Note that the casein hydro- 
lysate for Dubos’s medium is already a 20 per cent, solution and should 
not be diluted further. 


Smith’s Medium 

This medium (Smith, 1953) is suitable for the growth of jShne’s 
bacillus. Essentially it is Dubos’s medium with the addition of an 
alcoholic extract of Mycobacterium phld and solidified with agar. For 
isolations from the intestinal mucosa Actidione and chloramphenicol 
may be added to inhibit contaminants (Brotherston, Gilmour and 
Samuel, 1961). 


MEDIA FOR THE CULTIVATION OF CLOSTRIDIA 
Cooked Meat Broth 

The original medium is known as “Robertson’s bullock-heart 
medium”, but the following modification of Martin and Lepper is 
recommended. It is suitable for growing anaerobes in air and al^ for 
the preservation of stock cultures of aerobic orpnisms. The inoculum 
is introduced deep in the medium in contact with the meat 

Cooked Meat 

Fresh bullock’s heart 500 g. 

Water .... 500 ml. 

Sodium hydroxide, 1 N NaOH 1*5 mt 

Mince the heart, place in the alkaline boiling water and simmer for 
20 min. to neutndise the lactic add. Drain off the liquid throuf^ a 
muslin filter and, while still hot, press ^e minced meat in a cloth and d^ 
partially by spreading it on a doth or filter paper. In this condition it 
can be introduced into bottles without soili^ them. 

Peptom Infusion Broth 

Liquid mtered from cooked meat 500 mh 

Peptone * ** 

Sodium ddoride, NaCl 1‘25 f . , 

Steam «t W C. fbr 20 min., add 1 ml pure hydmdilmie ae|d «ttd 
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filtcar. Bring the reaction of the filtrate to pH 8*2, steam at 100° C. for 
30 min. and adjust reaction to pH 7*8. 

Preparation of complete medium . — ^Place meat in each 1-oz. bottle to a 
depth of about one inch and cover with about 10 ml. broth. Autoclave 
at 121° C. for 20 min. After sterilisation, the pH of file broth over the 
meat is about 7*5. If test-tubes are used the surface of the medium may 
be covered with a layer of sterile liquid paraflBin ^in. (1 cm.) deep, but 
this is not essential. 

A tall column of meat is essential because conditions are anaerobic 
only where there are meat particles. There need be only sufficient broth 
to extend about ^ in. above the meat. 

ThioglycoUate Broth 

The addition of sodium thioglycollate to liquid media was shoVn by 
Brewer (1940) to prolong the time that anaerobic conditions are main- 
tained after sterilisation, and anerobes can be grown in tubes like aerobic 
organisms. The addition of a small amount of agar prevents convection 
currents and assists in maintaining anaerobiosis. Methylene blue or 
resazurin acts as an oxidation-reduction potential indicator. It should 
be decolourised except in the surface layer. 

Any nutrient broth can be made anaerobic in this way. The formula 
for the thioglycollate medium prescribed in the Umted States Pharma- 
copeia for sterility tests is given here. 


Yeast extract, water soluble . 5*0 g. 

Casein hydrolysate, pancreatic digest 15*0 g. 

Glucose . . 5*5 g. 

L-cystine . . 0*5 g. 

Agar . . 0*75 g. 

Sodium chloride, NaCl . . . 2*5 g. 

Sodium thioglycollate 0*5 g. 

Resazurin sodium solution, 1 in 1000, freshly pre- 
pared 1*0 ml. 

Water 11. 


Dissolve the ingredients other than thioglycollate and resazurin by 
steaming at 100° C. Add the thioglycollate and adjust the pH to 7*3. If 
there is a precipitate, heat without boiling and filter hot through 
moistened mter paper. Add the resazurin solution, mix fiioroughly, 
distribute and sterffise at 121° C. for 15 min. Cool at once to 25° C. 
and store in the dark, preferably between 20° and 30° C.^ Do not use 
the medium if it has evaporated enough to affect its fluidity. If more 
than the upper third is pink in colour, anaerobic conditions may be 
restored once only by steaming at 100° C. for a few minutes. 

Lowbury and Lilly’s (1955) Medium 

This is both a selective and an indicator medium for Cl. ted^. It 
coatains Fildes’ peptic digest of blood to stiinulste the productimt of 
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lecithinase by Cl. toelchS, human serum to indicate lecithinase produc* 
don and neomycin to inhibit lecithinase-producing aerobic sporing 
bacillL The concentration of agar is high to prevent the swa r m ing of 
Proteus. Double layer medium allows a clearer demonstration of 
lecithinase reactions. 

Agar base 

Agar, New Zealand (Davis) . . 50 g. 

Peptone water (Evans peptone) . .11. 

This agar base autoclaved at 121® C. for 30 min. is used for the lower 
layer of &e medium and as basal medium for the upper layer. 

Preparation of complete medium 

Agar base . 100 ml. 

Fildes’ peptic digest of sheep blood 6'5 ml. 

Human serum, sterile 40 ml. 

Neomycin sulphate (Upjohn), sterile aqueous solu- 
tion: 10,000 /ig. per ml. . 1*5 ml. 

The serum may be prepared by treating plasma with 5 per cent, of 
sterile 10 per cent, calcium chloride at 37° C. Heat the Fildes’ digest at 
55° C. for 30 min., melt the agar base and cool it to 56° C. Add the 
remaining ingredients and pour the medium as the upper layer of double 
layer plates on a layer of agar base. The final concentration of neomycin 
in the upper layer is 100 fxg. per mi. 

Spread 250 international units of Cl. toelchU antitoxin over half of eadi 
agar surfitce. 


Willis and Hobbs* (1959) Medium 

This medium for the isolation of clostridia is a lactose egg-yolk milk 
agar made selective for various clostridia, particularly Cl. toelchU, by the 
addition of neomycin. The recommended concentration of 250 (ig. 
neomycin sulphate per ml. may inhibit some clostridia, usually inhibits 
strains of Bacillus and Stt^ylwoccus, and greatly reduces the grow& of 
coliform bacilli. Nagler-positive organisms produce zones of opales- 
cence that can be specifically inhibited by the appropriate antiserum 
spread over half the medium in a plate and dried-in b^ore inoculation. 
Some clostridia produce a “pearly layer”. Lactose feimmtation is 
indicated by a pink halo in the me^um around the colony and proteo- 
lysis by a dearing of the milk in the medium. 

Egg yolk suspension . — ^Break e^ with precautions to keep thdr con- 
tents su^ile, as described for Ldwenstdn medium, at the same time 
separating Ae yoUu from the whites. Discard the whites and dihito the 
yolks wi& an equal vdume of sterile 0*9 per cent, sodium ddotide 
solution. 

SusrUe stpek Remove the cream from ordimuy mi& by eenbi- 
fuging. Sterilise the dtimmed milk by autodaving at 121® C. fw 15 
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Based medium 


Agar (New Zealand) 

. 4-8 g. 

Lactose 

■ 4*8 g. 

Neutral red, 1 per cent solution . 

1*3 ml. 

Meat infusion broth, pH 7 . 

400 ml. 

yolk suspension 

. 15 ml 

Milk 

60 ml. 


Dissolve the agar and lactose in the neutral red and broth by steaming, 
and sterilise at 121° C. for 25 min. Cool to 50-55° C. and add the egg 
yolk and milk. Pour plates. 

Possible additions to based medium 
Neomycin sulphate (Upjohn) . 250 /ig. per 

Sodium thioglycollate . .0*1 per cent. 

Stock sterile solutions of neomycin may be stored in the refrigerator 
with little loss of potency. The antibiotic is not decomposed by hating 
at 60° C. for 20 min. Thioglycollate may assist the growth of the stricter 
anaerobes. 

Either or both of these reagents may be added at the same time as the 
egg yolk and milk. 


EUner’s (1956) Medium 

This medium is used to induce spore formation in CL wekhii. 
Anaerobiosis may be ensured by heating at 100° C. for 10 min. and 
cooling just prior to inoculation. It is important that the inoculum 
should be adequate; 0*5 ml. of an actively growing 4-12 hr. meat broth 
culture should be introduced with a pipette into the bottom of the tube 

nf 


Peptone {e.g. Proteose peptone, Difco) . 

Yeast extract 

Soluble starch 

Magnesium sulphate, MgSOi 

Potassium dihydrogen phosphate, KHjPO^ . 

Disodium hydrogen phosphate, Na2HP04.12H20 


10 g. 

3g- 
3 g. 
O'l g 
1*5 g 
67 g. 
1 1 . 


Steam briefly at 100° C. to dissolve, adjust to pH 7-8 with sodium 
hydroxide, dispense in tubes and autoclave at 121° C. for 15 min. Tubet 
dkould be half to two-thirds full. 


Alkaline E|^ Medium 

This medium promotes spore formation by clostridia. Clostridu 
remain viable in it for years. 

l^yolk 1 

Egg whites 2 

Sodium hydroxide, \N NaOH . 6 ml. 

Water to SCO ml. 
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Beat the yolk and iwhites, add the sodium hydroxide and water. Ifeat 
slowly to 95°' C. for 1| hr., filter through cotton-wool and distribute. 
SteriUae by autoclaving at 121° C. for 15 min. 


MEDIA FOR THE CULTIVATION OF ENTEROBACmU 
! MacConkey’a Agar 

This is a useful medium for the cultivation of enteric bacteria. It 
contains a bile salt to inhibit non-intestinal bacteria and laaose with 
neutral red to distinguish the lactose-fermenting coliforms from the non- 
lactose-fermenting salmonella and dysentery groups. 

Peptone 20 g. 

Sodium taurocholate, commercial • 5 g. 

Water 11. 

Agar 20 g. 

Neutral red solution, 2 per cent, in 50 per cent, 
ethanol ....... About 3*5 mL 

Lactose, 10 per cent, aqueous solution 100 ml. 

Dissolve the peptone and taurocholate (bile salt) in the water by 
heating. Add the agar and dissolve it in the steamer or autoclave. If 
necessary, clear by Stration. Adjust the pH to 7-5. Add the lactc^e 
and the neutral red, which should be well shaken before iise, and mix. 
Heat in the autoclave with “free steam” (c. 100° C.) for 1 hr., then at 
115° C. for 15 min. Pour plat^. 

The medium should be a distinct reddish-brown colour. If it is acid, 
it assumes a rose-pink colour. IVhen the medium is stored for any 
length of time the neutral red indicator tends to fade. To overcome dus 
the medium is made up and stored without neutral red, indicator being 
added and thoroughly mixed before pouring plates. 


Teepol Lactose Agar 


Jameson and Emberley (1956) described this medium as a suhst^te 
for MacConkey’s agar. Teepol (Shell Chemicals Ltd.), which is a 
detergent containing sodium and potasrium salts of alkyl sulfdiatea with 
chains ^ 8-18 C atoms, is used in place of sodium taurocholate as dM! 
selective agent for enterobacteria; it has the advantages ctf beii^ much 
cheaper and more reliable in its properties. 


Eupeptone No. 2 (Allen tc Hanburys) 

Lactose 

Sodium chloride Na Cl 
Teepol . . . . ; 

Bromothymol blue (1 in 5<X) stdution) 
Agar (New 2Sealand, Davis) 

Water 


20 «• 
10 g. 

5 g. 

25 ml. 



Adjust to pH 7*5 and steriUss at 115“ C for 15 mm. 
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Colonies of bctose-fenDenting Eseh. coU organisms are pale cream in 
colour and are usually large and opaque. Colonies of salmonellae and 
shigellae are pale green and less opaque. 

Brilliant Green MacConkey Agar 

Brilliant green is inhibitory to Esch. colt and renders the medium 
selective for salmonella organisms. 

The medium is prepared as MacConkey’s agar but with the addition 
of 0*4 g. brilliant green per litre. 

Desozycholate Citrate Agar (DCA) 

This modification by Hynes of Leifson’s medium is particulany suit- 
able for the isolation of the dysentery bacilli, the salmoneM food- 
poisoning group and S. paratyphi B. It is not quite so selective uor S. 


typki, though superior to MacConkey’s medium 
Neutral red lactose agar 

Meat extract (Lab-Lemco) . . 20 g. 

Peptone (Difco proteose or Evans) 20 g. 

Agar . 90 g. 

Neutral red solution, 2 per cent, in 50 per cent 
ethanol . 5 ml. 

Lactose 40 g. 

4 1 . 


Dissolve the meat extract in 200 ml. water over the fiame. Make just 
alkaline to phenolphthalein with 50 per cent, sodium hydroxide, boil a1 
100° C. and filter. Adjust the pH to 7*4, make up the volume to 200 ml. 
and add the peptone. Dissolve the agar in 3700 ml. water by steaming 
at 100° C. for 1 hr. Filter if necessary. Add the meat extract and 
peptone solution and mix. Add the neutral red and lactose, mixing 
again. Bottle in accurate 100 ml. lots and heat in the autoclave witt 
“free steam’’ at c. 100° C. for 1 hr. and then at 115° C. for 15 min. 

Solution A 

Sodium citrate, Analar, Na3C^,Of.2HsO 17 g. 

Sodium thiosulphate, Analar, Na 3 S 30 s. 5 H 20 17 g. 


Ferric ammonium atrate, green scales . 2 g. 

Sterile water . 1(M ml 

Sobttkm B {bile salt) 

Sodium desoxycholate 10 g. 

1“ 100 ml 


Pn^mre these solutions with sterile precautions, heating at 60° C. fo 
1 hr. to facilitate solution. 

Preparation of complete medium 

Neutral red lactose agar 100 ml. 

Soltttmn A 5 ml. 

Solution B 5 0^ 
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Mdt ^ ^;ar and add aolutioiu A and B in this order, using ieparate 
sterile pipettes and mixing well between. Pour plates imtweHately and 
dry the surface. The medium is pale pink in colour and should be quite 
clear. 

The medium should be poured and cooled as soon as possible after 
the addition of the desoxycholate, otherwise it tends to become very sdt. 
The desoxycholate must be pure and samples should be tested with 
known positive specimens before purchase is made. 


Wilson and Blair’s Medium 

The use of this medium (Wilson, 1938) depends on the reduction of 
sulphite to sulphide in the presence of glucose by S. iyphi and S. para- 
typhi B, yielding black colonies, and the inhiUtion of Esch. coU by 
brilliant green and by bismuth sulphite in the presence of an excess of 
sodium sulphite. 


Bismuth sulphite glucose phosphate mixture 

Bismuth ammonio-citrate, scales . . 30 g. 

Sodium sulphite, Na^SOs 100 g. 

Disodium hydrogen phosphate, NajHPOi.lZHjO . 100 g. 

Glucose, commercial 50 g. 

Sterile water .... ..11. 


With sterile precautions dissolve the bismuth ammonio-citrate in 
250 ml. boiling water, and the sodium sulphite in 500 ml. boiling water. 
Mix the solutions and while the mixture is boiling add the sodium 
phosphate oystals. When this mixture is cool add the glucose dissolved 
in 250 ml. boiling water and cooled. This mixture will keep for months. 

Iron citrate brilliant green mixture 

Ferric citrate, brown scales 2 g. 

Brilliant green 0*25 g. 

Sterile water 225 n^. 

With sterile precautions mix solutions of the ferric citrate in 200 ml. 
water and the brilliant green in 25 ml. water. This mixture will ke^ for 
months. 

Preparation of complete medium 
Sterile 3 per cent, nutrient agar . . . 100 ml 

Bismuth sulphite glucose phosphate mixture . 20 ml. 

Iron dtrate-biilliant green mixture 4*5 nd. 

Melt the agar and cool to 60° C. Add the other ingredients with 
sterile precautions and pour plates. 


Tetntihloiiate Brodk 

Thetotratliionate inthia liipiid inediumiidubiteCDlifbciiilMKiilli sihils 
permitting bactlfi of the typhoid-paratypboid group to gmvtr freelyi thini, 
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an enriched culture of riie latter can be obtained from faeces and some- 
times an almost pure growth. However it permits the growth of 
Proteus spp. 


Thiosulphate solution 

Sodium thiosulphate, NajS^Os * . 24*8 g. 

Sterile water to 100 

Mix the salt and water with sterile precautions and steam at 100” C. for 
30 min. It is a 1 M solution. 

Iodine solution , 

Potassium iodide, KI 20 g. 

Iodine, I 12*7 g. 

Sterile water to 100\ml. 


With sterile precautions dissolve the potassium iodide in fiboui 50 ml. 
of warm water, add the iodine and make up to a final volume of iOO ml. 
This gives a normal or 0-5 M solution. 


Preparation of complete medium 

Calcium carbonate, CaCOg 2*5 g. 

Nutrient broth 78 

Thiosulphate solution 15 ml. 

Iodine solution 4 ml. 

Phenol red, 0*02 per cent, in 20 per cent, ethanol . 3 ml. ' 


Add the calcium carbonate to the broth and sterilise it by autoclaving 
at 121° C. for 20 min. When cool, add the thiosulphate, iodine and 
phenol red solutions with sterile precautions. Distribute in 10 ml. 
amounts in sterile screw-capped bottles. Even in the refrigerator, tetra- 
thionate broth does not keep for more than a few weeks. It is convenient 
to keep stock solutions and prepare the complete medium as required 
(Knox, Cell and Pollock, 1942). 

Kauffmann-Miiller Tetrathionate Broth 

This medium is more selective than the original tetrathionate broth 
because the brilliant green in it checks the growth of Proteus spp. 

Thiosulphate solution 

Sodium thiosulphate, NagSgOg . 5 H 2 O . . 50 g. 

Sterile water 100 ml. 

Mix the salt and water with stoile precautions and steam at 100° C. 
for 30 min. 

lodim soluMon 

Potassium iodide, KI 25 g. 

Iodine, I 20 g. 

.Sterile water . 100 ml. 

^ ^ With sterile precautions dissolve the potasrium iodide and add the 
iodine. 
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Ox We solution 


Desiccated ox bile ... 

. 0-5 g. 

Water 

. 5 ml. 

Dissolve with sterile precautions. 


Preparation of complete medium 


Nutrient broth, pH 7*4 

. 90 ml. 

Calcium carbonate, CaCOg . 

. 5g. 

Brilliant green, 1 in 1000 aqueous 

. 1 ^ 

Thiosulphate solution 

. 10 ml. 

Iodine solution .... 

. 2 ml. 

Ox bile solution 

5 ml. 


Add the calcium carbonate to the broth and sterilise it by autoclaving 
at 121 ” C. for 20 min. When cool, add the other solutions and distribute 
aseptically in approximately 10 ml. amounts. Heat once in the steamer 
at 100° C. for 10 min. 


Selenite F Broth 

The selenite in this medium (Leifson, 1936) serves the same purpOK 
as tetrathionate in tetrathionate broth and has been preferr^ to it 
(Hobbs & Allison, 1945). 

Sodium add selenite, NaHSeOs • ^ g- 

Peptone 5 g. 

Lactose 4 g. 

Disodium hydrogen phosphate, Na 2 HPO| . I 2 H 2 O . 9*5 g. 

Sodium dihydrogen phosphate, NaH 2 P 04 . 2 H 2 O . 0*5 g. 

Sterile witer 11- 

Dissolve the ingredients with sterile precautions and distribute the 
yellowish solution in 10 ml. amounts in sterile screw-capped bottles. 
Steam at 100“ C. for 30 min. Excessive heat is detrimental to the 
mftdh im and autoclaving must not be used to sterilise it. A sUght 
amount of red precipitate may form but this does not interfere with the 
action of the medium. The pH of the medium should be 7*1 and the 
phosphates may be varied slightly if necessary to attain this. 

Salts of are very toxic for animals and man and must be 

handled with some care. Some oi^anic compounds of sdenium and 
hydrogen selenide are volatile and toxic if inhaled. 


MEDIA FOR THE CULTIVATiON OF VISRIOS 

The clftfiiieal vibrio media are Dieudonn^’s (1909) alkaUiM blood 
and Aronson’s (1915) sucrose dextrin agar. Kew media utilise 
ability of vibiioi to spEt with the ptoduetaon tif hidoea 
colonies on solid agpr meiha cmttaining geladn. 
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Monsur’s Medium 

This medium is for the isolation of cholera and other vibrios either 
from rectal swabs and stool specimens or from other contaminated 
sources. A similar fluid medium is used for enrichment or preservative 
pmposes (see Monsur, 1963); this is the “Bile peptone transport 
me^um” described on p. 780. The potassium tellurite in these media is 
highly inhibitory to most coliform bacilli although Proteus species grow 
as small colonies. 

Bile salt gelatin agar 

Tr 3 rpticase (Bdtimore Biological Laboratories) or 
Bactotr 5 rptone 
Sodium chloride, NaCl 
Sodium taurocholate . 

Sodium carbonate, NajCOs 
Gelatin (Difco) 

Agar 
Water 

It is thought essential to use the Difco brand of gelatin. Dissolve the 
ingredients by steaming and adjust the pH to 8-5 with sodium hydroxide. 
Sterilise by autoclaving at 121° C. for 20 mm. 

Potassium tellurite solution. — ^Prepare a 0-5 per cent, solution ip water 
and autoclave at 115° C. for 20 min. This solution keeps indelfinitely. 

Preparation of complete medium 

Bile salt gelatin agar 100 ml. 

Potassium tellurite solution, KjTeOs, 0*05 per cent. 1 ml. 

Make a 1 in 10 dilution of the stock potassium tellurite solution with 
sterile precautions and add it to the melted and cooled agar medium. 
The final pH of the medium must be 8*5 to 9*2. Pour plates. 

This medium should be used when fresh because its pH tends to fall 
on keeping. 

Gelatin Agar 

This medium is complementary to Monsur’s medium. It is unsuit- 
able as the sole medium for primary isolation of diolera vibrios because 
it is not inhibitory to coliform bacilli. It is used to provide a semi- 
quantitative assessment of the numbers of vibrios that are being 
excreted. 

Trypticase (Baltimore Biological Laboratories) 1 g. 

So^Um chloride, NaCl 1 g. 

Gelatin (Difco) .... 3 g. 

Agar 1*5 g. 

Wato- 100 ml. 

It is thoc^t essential to use the correct brands of tiypticase and of 
gdatbi. Dissolve die ingredients by steaming* The pH i^unild be 
7*2-74. Autoclave at 121° C. for 20 min. to sterilise, and pour plates. 



1-5 g. 


100 ml, 
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MEDIA FOR THE CULTIVATION OF BRUCELLA 

Liver infusion agar (Huddleson, 1939) has been used to grow brucdlae 
but some infusions can be inhibitory and lead to in the 

quality of different batches of mediiun. Serum dextrose or Albimi 
agar are to be preferred. 


Serum Dextrose Agar with Added Antibiotics 

This medium (Jones & Morgan, 1958) containii^ antimicrobial 
agents is good for isolating even very fastidious strains of Br. abortus. 
The antimicrobial substances may be omitted if cultures are being made 
from uncontaminated sources. 

Bacitracin solution (2000 units per ml.). — Bacitracin is supplied in 
vials containing 500,000 units. Dissolve the contents of one vial in 250 
ml. of sterile water. Store at 4® C., but this solution will not keep for 
more than one week. 

Polymyxin B solution (5000 units per ml.). — ^Polymyxin B is supplied 
in bottles containing 500,000 units. Dissolve the contents of one bottle 
in 100 ml. of sterile water. Store in a deep freeze at —20° C. or in the 
ice chamber of a refrigerator. 

ActidUme solution (10 mg. per ml.). — ^Actidione is supplied in 4 g. 
bottles. It is important to dissolve this amount of powder in 20 ml. 
of acetone and dilute to 400 ml. with sterile water. Store at 4° C. 


Dextrose solution (25 per cent.) 

Dextrose 12*5 g. 

Water ........ 50 ml. 


Prepare the solution and sterilise it by Seitz filtration. 


Preparation of complete medium 

Agar 

Peptone 

Sodium chloride, NaCl 

Meat extract 

Water 

Sterile inactivated horse serum 
Dextrose solution, 25 per cent. . 
Bacitracin solution, 2000 unite per ml. . 
Pol^yxin B solution, 5000 unite per ml. 
Actidione solution, 10 n^. per ml. 


15 g. 

10 g. 

5g. 

5g. 

1 1 . 

SO mL 
40 ml. 
12*5 ml. 
1*2 ml. 
10 ml. 


Dissolve the first fijuf ingredients by gende heating, adjust to pH 7*5 
and autoclave at 121“ C. for 30 min. Cool to 52“ C and add the 
remaining h^gredients^ wdl to ensure even dtstr&utton of Ihe 

antimicroinal egents* Pmir plates, this amount cdn to dm m makitogsiRMOtf 
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50 plates. Cooling to 52** C. will reduce water of condensation on tibe 
Uds. 

It is best to use freshly prepared medium because Actidione is un- 
stable. However plates can be stored for a week in the refrigerator with 
the lids uppermost, either in a container with a lid or in a wire tray 
covered with a sheet of polythene. Before use, plates should be in- 
cubated overnight with the medium uppermost, but in an emergency 
plates with lids partly opened may be dned for 1 hr. in the incubator. 
It is important that the surface of the meditun be dry to discourage 
dissociation. 


Albimi Agar (Joint FAO/\7HO, 1958) 

This selective medium is an alternative to serum dextrosA agar for 
isolating brucellae but is not so suitable for fastidious strains. By raising 
the a^ concentration to 2*5 or 3 per cent, of the final medium its 
selectivity is increased and the possibility of overgrowth by Proteus is 
reduced. Albimi agar is manufactured by Albimi Laboi^tories, 
Brooklyn, N.Y. It has the advantage of not requiring the addition of 
serum. 

Et^/ violet solution (1 in 1000). — The concentration is calculated on 
the basis of the pure dyestuff and not on the weight of the product as 
supplied. 

Bacitracin, polymyxin B and Actidione solutions are prepared as for 
serum dextrose agar. 


Preparation of complete medium 
Albimi agar ... 11. 

Ethyl violet solution, 1 in 1000 1*25 ml. 

Bacitracin solution, 2000 units per ml. 12*5 ml. 

Polymyxin B solution, 5000 units per ml. 1*2 ml. 

Actidione solution, 10 mg. per ml. 10 ml. 


Prepare and sterilise the Albimi agar in accordance with the manu- 
facturer’s instructions. Cool to 52° C. and add the remaining in- 
gredients. Mix the medium, pour, store and dry plates as for serum 
dextrose agar. 


MEDIA FOR THE CULTIVATION OF BORDETELLA 
Bordet*<>«Bgoa Medium 

This modification has given good growth of Bord. pertussis. Peptone 
was not included in the origin^ Bordet-Gengou medium and may be 
omitted. Some brands of peptone are markedly inhibitory to die growth 
of Bord. pertussis probably due to their content of coUoidal sulphur or 
sulphide. The m^um can be made more adective for Bord^ per^s^ 
ty adding 0*25 units penidliin per ml. Lacey (1954) has described an 
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even more sdective medium containing a diamidine, sodium 
and penicillin. 


Glycerol potato agar 


Potato slices 

250 g. 

Sodium chloride, NaCl 

9g. 

Water 

2L 

Agar 

45 g. 

Glycerol . 

20 ml 

Proteose peptone (Difco) 

20 g. 


Clean and pare potatoes, and cut them into thin slices. Boil the slices 
with the salt in 500 ml. of water until they fall to pieces. Make up the 
water lost in boiling, filter through linen and adjust to pH 7. Dissolve 
the agar in 1500 ml. of water by heat and add the potato extract, glycerol 
and peptone. Distribute in bottles and heat in the autoclave with “free 
steam” at c. 100° C. for 1 hour, then at 1 15° C. for 10 min. Store until 
required. 

Preparation of complete medium 

Glycerol potato agar 2 volumes 

Sterile defibrinated horse blood . .1 voltune 

Melt the agar in the steamer for 1 hr., inverting the bottle several 
times. Place in the water bath at 55° C. for about 5 min. until the 
temperature of the agar has dropped to about 65° C. Warm the blood 
slightly by placing it in the 55° C. bath for 2-3 min. Mix the blood and 
the agar thoroughly and pour plates. The layer of agar should be thick, 
about 30 ml. of medium per 4 in. Petri dish. The plates should not be 
dried in the incubator, but should be stored at once in the refrigerator, 
and may be used up to two or three days after preparation. 


Colindale Modification of Bordet>Gengou Medium 

This medium is easier to prepare than the original Bordet-Gengou 
medium because starch is used in place of a preparation from potato 
slices. Also the brand of peptone used appears to be better for growth 
Bordetella. The peniddlin and diamidine (M & B 938) make it monre 
selective for Bordetella. 


Glycerol starch agar 

Peptone (Bengers or Evans) • 10 g. 

Sodium chloi^e, NaCl 5 g. 

Glycerol 10 ml. 

Starch (Soluble BDH) 2-S g. 

Water . . 1 

Agar (Davis) . . . 11 g. 


Dissolve the mgr edjentB, emept the i^, in the water and adjust to 
pH 7*8. Cl»eh pH vrfjkdi should be 7*5-7*l(, Pith 

tribute in SOpi w), quantities and autoclave at 115° C. for 10 mih> > ' 
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Preparation of amplete meditm 

Glycerol starch agar . 200 ml. 

Penicillin (50 units per ml.) 1*5 ml. 

M & B 938 (0*1 per cent, solution) 0*9 nd. 

Sterile defibrinated horse blood . 100 ml. 


Melt the agar in the steamer at 100° C., cool to 40-45° C. Warm the 
blood to 37° C. and add all the ingredients. Mix thoroughly and pom 
not more than 10 plates from this quantity of medium. Store in the 
refrigerator. A short (10-15 min.) period of drying nu^ be necessary 
but only when the plates are freshly poured. 

M & B 938 is 4 : 4 diamido-diphenylamine-hydrochloride. 


MEDIUM FOR THE CULTIVATION OF HAEMO] 
Levindial’s Medium 


•P^I 


For this medium the contents of red cells are liberated by\ hea 
improve on blood agar for the cultivation of Haemophilus specie^ 

Sterile nutrient agar . 100 ml. 

Sterile rabbit or human blood 5 ml. 


heat to 


Melt the agar, add the blood and heat the mixture in boiling water. 
Allow the deposit to settle and distribute the clear supernatant. 


MEDIA FOR THE CULTIVATION OF FUNGI 

Media for the isolation of pathogenic fungi are designed to be in- 
hibitory to bacterial contaminants. Sabouraud’s glucose peptone 
medium, tellurite malt agar and penicillin streptomycin agar are des- 
cribed here. Sabouraud’s medium is generally preferred for the ring- 
worm fungi and penicillin streptomycin blood agar for the systemic 
fimgi. 

Malt agar is a general purpose medium for the cultivation of fungi- 
Com med agar, zein agar and rice starch agar are designed to induce the 
formation of chlamydospores in Candida species. A preservation 
medium (p. 778) and two liquid media also are described. 

Agar is hydrolysed by heat at a low pH and acid media for fungi are 
not heated above 115° C. After autoclaving, the medium may be 
allowed to solidify in bulk but it should be remelted only once and then 
with a minimum of heating. The high concentration of sugar in some 
media for fungi is another reason for avoiding overheating and repeated 
heating, because heat tends to char sugar. 

Sabouraud’s Glucose Agar and Broth 

Tlie low pH and high sugar content of this medium make it par* 
ticulariyadective for fui^;i as against bacterial oontaiiiinantB. Thei^f 
medium is suitable for the primary isdatioa of fungi Irmn dioicu 
material. 
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Gluc(»e 

40 g. 

Peptone 

10 g* 

Agar 

20 g. 

Water 

1 1. 


A suitable peptone is Oxoid mycological peptone suppUed by Oxo 
Ltd. (Medical Dept.), London, E.C.4. For broth, the agar k onutted. 

Dissolve the ii^;redient8 in the steamer or autodave. Filter through 
cotton gauze and adjust to pH S«4. Dispense in stock botdes or in tub^ 
Autoclave at 115° C. for 15 min. 

Tellurite Malt Agar 

Like Sabouraud’s medium, this has a low pH and high sugar content. 
In addition it contains tellurite to inhibit bacteria. 

Malt extract is prepared commercially by extracting the soluble 
materials from sprouted barley in water at about 55° C. The liquor is 
strained and concentrated by evaporation at a temperature below 55° C. 
to yield a brown viscous material. It consists mainly of maltose (about 
50 per cent.), starch, dextrins and glucose, and contains about 5 per cent, 
of proteins and protein breakdown products, and a wide range of 
mineral salts and growth factors, such as thiamine, nicotinic acid, ribo- 
flavine, biotin, pantothenic acid, pjrridoxine, folic add and inositol. For 
use in mycological media it must not contain added sugar or cod-liver oil. 

Basal medium 

Malt extract . 40 g. 

Agar . 20 g. 

Water . . 11. 

Dissolve the malt extract and agar by steaming, filter through cotton 
gauze, adjust to pH 5*4 and distribute in 100 ml. amounts in stock 
bottles. Autoclave at 115° C. for 15 min. 

Potassium teUurite sohfHon 

Potassium tellurite, KoTeO. • • . 0*5 g. 

Water 25 ml. 

Dissolve the salt, autodave at 115° C. for 20 nun. and store in a 
tightly stoppered bottle in the dark. 

Preparation of complete medtum 

Basal medium . . ^ 100 ml. 

Potasuum tellurite solution 1*8 ml. 

Melt the basal medium, cool to 55° C., add the tellurite sohi^ and 
distribute as desired. 

The final concentration of tellurite is 0*036 per cent. 

Pmiieillitt Sbwptomydtt 

This atedknp » used for sdecdve cultivation of yeasts and cectsttt 
*iunorphic fong^. 

3 o 
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Nutrient agar 90 ml. 

Blood 10 mL 

PenidUin .... 300 units 

Streptomycin 300 fig. 

Prepare solutions of penicillin and of streptomycin from sterile anti- 
biotics with sterile precautions. Melt the sterile nutrient agar, cool it to 
55° C. and add the sterile blood and the appropriate amounts of the 
antibiotic solutions. Distribute as desired. 

Malt Agar 

This medium is extensively used for the cultivation of saprcWh^ic as 
well as parasitic yeasts and fwp, its high sugar content maki^ it very 
suitable for this purpose. It is the best medium for highly Exacting 
strains of fungi. 

It is the basal medium described for tellurite malt agar. 

Com Meal Agar 

This medium (Benham, 1931) is used to investigate a yeast-like 
culture for the production of mycelium and chlamydospores. In the 
case of Candida albicans the appearance of the chlamydospores is diag- 
nostic. Their production is flavoured because the medium is poor in 
nutrients. 


Com meal (ground yellow maize) . . . 40 g. 

Agar . . . . . 20 g. 

Water 11. 


Heat the com meal in the water at about 60° C. for one hr. Filter 
through filter paper or gauze. Add water to bring the volume back to 
one litre. Add the agar and steam or autoclave to dissolve it. Filter. 
Autoclave at 121° C. for 30 min. The pH is about 6*8, requiring no 
adjustment. 

Zein agar 

Zein is the basic protein of corn meal and is a very effective substitute 
for com meal in inducing the formation of chlamydospores by Candida 
albicans. Zdin igar (Reid, Jones & Carter, 1953) lUs the advantage 
over com meal agar of being clear, thus facilitating the search for the 
spores, and in giving more rapid and profuse formation of chlamy- 
dospores (within 24 lu.) because of the absence of reducing sugar. Zein 
may be obtained from Brown and Poison, Ltd., London. 

2^n 40 g. 

Agar 15 g. 

Water 11. 

Heat the zein in the water at 60° C. for 1 hr. Filto'tiiroug^ gauze end 
coarse filter paper, and make up to original volume with diitiUed wat^- 
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Add agar and steam at 100° C. for 30 min. If necessary, adjust to 
7*3-7‘6 (adjustment is usually unnecessary). Sterilise by autoclaving at 
121° C. for 15 min. 


Rice Starch Agar 

Like com meal agar, this medium (Taschdjian, 1957) is used to 
stimulate mycelium and chlamydospore formation by Candida aSncam. 
Rice flour is more easily obtained tl^ American household yellow com 
meal. 


Rice flour 
Agar 

Tween 80 
Water 


10 g. 

15 g. 
10 ml. 
1 1 . 


Bring the water to the boil and sprinkle in the rice flour. Boil for 30 
sec., stand for a few seconds and filter through cotton gauze. Add 
water to re-adjust the volume to one litre. Add the agar and Tween 80 
and autoclave at 121° C. for 30 min. 


Malt Extract Broth 


Malt extract .... 
Peptone (Oxoid mycological peptone) 
Water 


17 g. 
3g- 


11 . 


Dissolve the ingredients, adjust to pH 5-4, distribute and autoclave at 
115° C. for 15 min. 


MEDIA FOR THE CULTIVATION OF SPIROCHAETES 

Of the three genera of spirochaetes, Leptospira^ Treponema and 
BorreHa, only Leptospira will grow readily in culture media. NogucJu’s 
(1912) medium is chiefly of historical interest but it has been used for 
isolating some pathogenic borreliae and for growing strains of TVeponema 
that arc probably non-pathogenic. ^ 

Other better media arc available for cultivating LepUaptra. 1 hese are 
usually liquid because the organisms do not grow readily on the smixace 
of solid A semi-solid medium » less readily evaporated and may 

be of special value in the tropics. 


LEPTOSPIRA MEDIA 

Modified KorthoTs Medium 

Blood soutn is an essential con«itu^ aUteptos^fa 
source of suitable serum must be established. Choice m a 
tone is also necessary for Korthofs medium because different ratcMSs*. 
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even of the same brand of peptone, vary in their growth-promotii^ 
abilities. Witte peptone and Difco neopeptone are recommended but 
any good brand is likely to be suitable. A preliminary test should be 
made of each new batch before taking it into use. With precautions as to 
serum and peptone this modified medium (Alston & Broom, 1958) is 
good for the cultivation of Leptospira. 

All glassware must be perfectly dean and free from any trace of soap 
or other detergent since these are lethal to spirochaetes. After the usud 
cleaning it should be thoroughly rinsed, preferably by soaking for 24 hr. 
in a phosphate buffer solution at pH 7*6 (see Stuart’s medium) and then 
xinsing in distilled water. 

Peptone salt solution 
Peptone ... 

Sodium chloride, NaCl 
Sodium bicarbonate, NaHCOs 
Potassium chloride, KCl 
Caldum chloride, CaClj 
Potassium dihydrogen phosphate, KH 2 PO 4 . 

Disodium hydrogen phosphate, Na 2 HP 04 . 2 H 2 O 
Distilled water . 

Steam the ingredients at 100° C. for 20 nun. and filter through 
Chardin-type or double thickness Whatman No. 1 paper. The pH 
should be approximately 7*2. Bottle in 100 ml. amounts and autoclave 
at 115° C. for 15 min. 

Bhod serum. — ^Rabbit serum is generally foimd the most satisfactory 
though the sera of some larger animals such as sheep, horse or new- 
born calf have been used successfully. Individual rabbit sera may be 
inhibitory to leptospires because of agglutinins or other agents. For 
this reason the sera of several rabbits should be tested individually for 
agglutinins or by making separate trial batches of medium from each 
serum. The suitable animals are retained to supply serum as required. 
Blood is collected from an ear vein or, preferably, by cardiac puncture 
and allowed to dot. The serum is pipetted off, inactivated by heating 
at 56° C. for 30 min. and sterilised by Seitz filtration. 

*‘Haerru^loinn” solution. — ^To the blood clot after removal of the serum 
add an equal volume of distilled water and ^eeze and thaw repeatedly to 
haemolyse the corpuscles. Sterilise by Seitz filtration. 

Preparation of complete medium 

Peptone sdt solution 100 ml. 

Sterile blood serum 8 ml. 

Sterile “haemoglobin” solution . . . 0*8 mL 

Mix the ingredients with sterile precautions. Distribute the mediiun 
in 2-3 ml. amounts in sterile screw-capped bijou bottles (p. 728). Test 
£or sterility by mcubating at 37° C. for 2 days and at 22 ° C for 3 
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Modifickl Stuart^s Medium 

Stuart’s (1946) me^um does not contain peptone and therefore is not 
subject to variations in peptones. It contains phenol red to confirm the 
pH of the medium and as an indicator of contaminants which tend to 
increase the acidity. Bryan’s (1957) modification is described here. 

All glassware must be specially cleaned as for Kortht^s medium. 

Stock solutions 

L-asparagine (dextro-rotatory) 

Ammonium chloride, NH4CI 
Magnesium chloride, MgClg . 6H2O 
Sodium chloride, NaCl 
Thiamine hydrochloride 

AM 


1*3 per cent. 
0’54 per cent. 
2*03 per cent 
0‘58 per cent 
0‘1 per cent. 
0-02 per cent 


Prepare the stock solutions with distilled water and sterilise them by 
autoclaving at 115° C. for 15 min. The salt solutions are O-l M. 


Phosphate ht^er solutions 
Potassium dihydrogen phosphate, 

KH8PO4 (A) ... 9*078 g. per 1. 

Disodium hydrogen phosphate, 

Na»HPO. . 2H.O mi . 11*876 g. perl 


Prepare the solutions in distilled water and sterilise them by auto- 
claving at 121° C. for 30 min. A buffer solution of pH 7*6 contains the 
solutions in the proportion of 2*6 ml. of A to 17*4 ml. of B. 

Blood serum. — Serum is prepared as for Korthof’s medium. 


Preparation of complete medium 


L-asparagine solution .... 

. 2 ml. 

Ammonium chloride solution 

. 10 nd. 

Magnesium chloride solution 

. 4 ml. 

Sodium chloride solution .... 

66 ml. 

Thiamine hydrodiloride solution . 

0*4 ml. 

Phenol red solution ... 

10 ml. 

Distilled water 

. 91ml. 

Phosphate buffer, pH 7*6 . 

16 mL 

Sterile inactivated rabbit serum . 

. 20 ml. 


Mix all ii^edients except the rabbit serum and steam at 100° C. fin 
30 min. to drive off dissolved carbon dioxide. Autoclave at 115° C. Ida 
15 min. Add tiie serum with sterile precautions, distribute and test fia 
stmlityasforKorthofsmedium. If the pH is correct tiie medium is ai 
amber colour, 

To obtain satisfimtory results a bige inocul^, ab(^ 10 per cent m I 
previous culture introduced with a Pasteur pipette, is tned. 
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Dinger’s Afodificatioa of Noguchi’s Medium 

This semi-solid medium (Wolff, 1954) is slower to evqiorate than 
liquid media, especially in the tropics. Subcultures can be made less 
frequently so that virulence is maintained longer. 

Nutrient agar, 3 per cent. 6 ml. 

Distilled water 100 ml. 

Sterile inactivated serum 10 ml. 

Mix the agar and water and sterilise by autoclaving at 121° C. for 
20 min. Add the serum with sterile precautions, distribute/ and test 
for sterility as for Korthof’s medium. 


MEDIA FOR THE CULTIVATION OF ENTAMOEBJp 

The standard medium for the isolation of Entamoeba histolytua from 
faeces is that of Dobell and Laidlaw (1926) but Balamuth’s (1946) 
medium is an improvement on it and is suitable for the cultivation of all 
other entamoebae from faeces. 


Balamuth’s Medium 

\M phosphate bt^er, pH 7’5 

Dipotassium hydrogen phosphate, K 2 HPO 4 , 174 g. 
per 1 8*6 ml. 

Potassium dihydrogen phosphate, KH 2 P 04 , 136 g. 
per 1. . . ..... 14 ml. 

It is convenient to keep separate stock solutions of the two salts and 
to mix them before use. 

Stock solution of liver extract 

Liver extract 5 g. 

Water 1(W ml. 

Dissolve by boiling, filter and autoclave at 121° C. for 20 min. 

Preparation of complete medium 

Dehydrated egg yolk . . 36 g. 

Sodium ddoride, NaCl, 0*8 per cent, aqueous About 150 ml. 

Phosphate buffer, M/15 at pH 7*5 125 ml. 

Livo: extract, 5 per cent, aqueous 25 ml. 

Rice starch, sterile (1 loopfiil per 7-10 ml<) 

Mix the egg yolk with an equal volume of water and add 125 ml. of 
saline. Stir vigorously with a rotary beater or in a Waring blmder. 
Heat in a covered double boiler for 20 min. after the tem|>erature <ff the 
iDfusi<m reaches 80° C. Make up the loss from evaporation with water, 
about 20 ml. being required, ^^ress the extract through a double layer 
o£ muslin to yirid about 100 ml. of yellowish fluid. Mrike up die vohnne 
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to 125 ml. with saline. Autoclave at 121° C. for 20 min. The yellowhli 
sediment may be removed by cooling below 10° C. and filtering Inft this 
is not essential. 

Add phosphate bi^er diluted from \M to Jlf/lS. Add liver extract^ 
dispense in tall test tubes and autoclave. Make sure that the rice starch 
is thoroughly dry and sterilise it by dry heat at 160° C. for IJ hr. Dis- 
pense the medium in 7 to 10 ml. amounts in ordinary tubm and add a 
loopful of sterile rice just before use. The final pH is 7*3. 


Jones’s Medium 

This medium (Jones, 1946) is best for routine passage of entamoeba 
cultures. It is easy to prepare and all amoebae grow in it. 

Buffer saline solution, pH 7‘2 
Disodium hydrogen phosphate, NajHPO^, anhydrous 


9-48 g. per 1. . . . 375 ml. 

Potassium dihydrogen phosphate, KHjPO^, 9’08 g. 

per 1. ..... . 125 ml. 

Sodium chloride, NaCl, 0-9 per cent. . 2,250 ml. 

Preparation of complete medium 
Yeast extract, autolysed, 1 per cent. 100 ml. 

Buffer saline solution, pH 7*2 ... . 850 ml. 

Sterile horse serum 50 ml. 

Rice starch, sterile 3 g. 


Mix the yeast extract and saline. Sterilise by autoclaving at 121° C. 
for 30 min. Sterilise the rice starch as for Balamuth’s medium. Add 
the serum and starch and distribute the medium with sterile precautions. 

A suitable autolysed yeast extract is made by Marmite Limited, 
London. 


Diamond’s Medium 


This medium (Diamond, 1960) is suitable for axenic cultures of enta- 
moebae. It is clear and free from gross particulate matter; it is easily 
prepared and supports the growth of a large number of parasites. 


Trjrpticase (BBL) or tryptone 
Yeast extract (BBL) , 

Maltose . . • • 

L-cysteine hydrodiloride 
L-ascorbic add . . • 

Potassium dihydrogen phosphate, KHgi^ 
Dipotassium hydrogen phosphate, KgHP 04 
.«•*** 

Horse or i^eep serum, sterile, inactivated at 56° C. 

for 30 min 


2g. 

1 g. 

0-5 g. 

0-1 g. 

04)2 g. 

0-08 g. 
0*08 g. 

90 ml. 
10 ml. 


Dissolve the dry ingredients in water. Adjust to 7^ to 7*2 
sodium hydroxide. Autoclave at 121° C. for 10 mm. Coot Add the 
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serum and distribute in 10 ml. aliquots to sterile screw-c^ped bottles 
mth sterile precautions. Store at 4” C. till used. 

Subculture 1 ml. to each bottle of fresh medium and incubate at room 
temperature, not below 25° C. 

MEDIUM FOR CULTIVATION OF TRICHOMONAS 

VAGINALIS 

Modified CPLM Medium 

Media for T. vaginalis must provide a carbohydrate energy source; 
inorganic phosphate; proteolysed tissue to provide the so-cdled pan- 
creatic “s” factor, amino acids, nucleic bases and possibly 6 rritamins; 
and serum to provide pantothenic acid, linoleic acid and other Uess well- 
defined nutrients. Johnson and Trussell (1943) recoiWended 
CPLM (cysteine-^ptone-liver infusion-maltose) medium md the 
following modification of it (Smith, 1964) has been found satisfactory. 
Agar has been omitted from this modification because it con^licates 
handling of the mediiun and of cultures in it. Methylene blue is omitted 
also. Phosphate as such is not added because there is sufficient of it in 
other ingredients. 

This medium supports growth from a single protozoon under strictly 
anaerobic conditions, the maximum population of 1-3 x 10* organisms 
per ml. being reached in 5-7 days at 37° C. Under aerobic conditions, 
massive inocula are required. T. vaginalis is an anaerobe and contains 
no catalase. 


Basal Medium 

Peptone 32 g. 

Maltose .... . . 1*6 g. 

Liver digest (Panmcde) 20 g. 

Cysteine hydrochloride 2*4 g. 

Ringer’s solution, ^ strength . .11. 

Sodium hydroxide, NaOH, liV . About 9 ml. 


The brand of Mptone is not important. Panmede ox liver digest 
obtainable from Paines and Byrne Ltd., Greenford, Middlesex, can be 
replaced by 32 per cent, of any brand of liver infusion made according to 
the manufacturer’s instructions. Cysteine is not essential when cultures 
are incubated anaerobically but it assists the maintenance of anaero- 
biosis. 

Dissolve the ingredients by shaking. Adjust the pH to 6*0 with 
sodium hydroxide, steam at 100° C. for 30 min. and ffiter off the fine 
gr^ precipitate with Whatman’s No. 1 or coarse paper. Bottle in 90 ml. 
lots and autodave at 115° C. for 10 min. 

'This medium keeps for several weeks. 

PenicilUn streptomycin solution 

Penicillin 1 x 10* units 

Streptmnydn . . . . . . 0*1 g. 

Sterile water . . , . . . lOml. 
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Dii^lve the sterile antibiotics with sterile precautions. The solutum 
contains 10* units of penicillin and 10* /ig. streptomycin per ml« It wiU 
keep up to 10 days in the refrigaator. 

Nystatin solution 

N)rstatin S x 10* units 

Sterile water 10 ml. 


Suspend the sterile antibiotic in the water. The suspension contains 
5x10* units per ml. It keeps in the refrigerator at less tiian 10® C. but u 
rapidly destroyed at 37® C. 


Preparation of complete medium 
Basal medium . 

Sterile inactivated horse senun 
Penidllin streptomycin solution 
Nystatin solution 


. 90 ml. 
. 10 ml. 

. 1ml. 

. 1 ml. 


Before use, add the serum and antibiotics and distribute in suitable 
aliquots with sterile precautions. Serum tiom human, calf, ox, sheep or 
rabbit may be used. The addition of antibiotics is unnecessary for 
routine subcultures but is essential for clinical diagnostic cultures and 
for isolating axenic cultures. Nystatin can be omitted unless yeast or 
fungal contaminants are suspected. 


MEDIUM FOR THE CULTIVATION OF LEISHMANIAE 
AND TRYPANOSOMES 

The classical medium for the cultivation of trypanosomes and leish- 
maniae is NNN medium, a solid medium devised by Novy and 
MacNeal (1904) and modified by Nicolle (1908). The followii^ medium 
(Tobie, von Brand & Mehlman, 1950) (Mers from it in that it consists 
of two phases, blood agar and Locke’s solution. Trypan(»(»nes in- 
cubated at 26° C. grow dispersed in the liquid and reach 20 x 10* per mL 
in 10 to 14 days. They develop only to the proventricular sti^ If the 
uninoculated medium is kept for six days the overlying liquid can be 
drawn off and used as a liquid medium. In it trypanosomes readi 
9 X 10* per ml. in 8-10 days. 

Solid Phase 

Based medium 

Meat esdract (Bacto-beef, Difco) 1*5 g. 

Peptone (Bacto-peptone, Difco) . 2*5 g. 

Sodium chl(»ide, NaCl . . 4 g. 

Agar (Bacto-agar, Difco) . 7*5 g. 

Water ..... 500 ml 

Dissolve the ingredients, Mljust ti» pH to 7*2“7*4 with sodituon 
hydroxide and autocdave at 121’ C. for 25 min. 
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Citrated blood , — ^Whole rabbit blood containing 0*5 per cent, of 
sterile sodium citrate is inactivated at 56° C. for 30 min. Human blood 
can be used, but the blood of different dqnors varies in suitability. 

Preparation of complete medium 
Basal medium ... 75 ml. 

Blood .... 25 ml. 

Melt the basal medium, cool to 45° C., add the blood and distribute in 
5 ml. amounts in sterile test-tubes or 25 ml. amounts in sterile Basks. 
Keep test-tubes in a slanted position and flasks upright until the medium 
has solidified. 


Liquid Phase 

Sodium chloride, NaCl 

Potassium chloride, KCl 

Calcium chloride, CaClj 

Potassium dihydrogen phosphate, KH 2 PO 4 

Glucose . . 2*5 g. 

Water . . . .11. 

Dissolve the ingredients and autoclave at 121° C. for 15 min. With 
sterile precautions add 2 ml. to test-tubes and 10-15 ml. to flasks con- 
taining the solid medium. 


MEDIA FOR PRESERVATION OF CULTURES 
Egg Saline Medium 

This modification of Dorset’s egg medium, in which the broth is 
replaced by saline and no malachite green is added, is good for preserving 
cultures of Gram-negative cocci and bacilli. 

Beaten egg ....... 75 ml. 

Sodium cUoride, NaCl, sterile 0*85 per cent, solution 25 ml. 

Prepare the beaten egg, mix and dispense the medium with sterile 
precautions as for Ldwenstein-Jensen medium. Bijou bottles containing 
2-3 ml of medium may be used. Inspissate in a slanted position at 
75-80° C. for 1 hr. 

If the medium has been prepared without sterile precautions it can be 
allowed to cool for a few hr. after inspissation and then autoclaved at 
121° C. for 15 min. with the screw-caps tightened. If the screw-caps are 
loose, some of the slants may be disrupted by bubbles of steam. 


Fungus Preservation Medium 

This is used to prevent pleomorphic variation in stodc cidtures of 
ringworm fungi. 
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Peptone 30 g. 

20 g. 

Water . . ^ 11. 

Dissolve the ingredients, filter through cotton gauze, adjust to pH 5*4, 
distribute and autoclave at 115° C. for 15 min. 


TRANSPORT MEDIA 

When the patient is not close to the bacteriological laboratory there is 
a risk that the pathogen in a bacteriological specimen may not survive or 
may be overgrown by non-pathogens during the time it takes to trans- 
port the specimen to the laboratory. Some media have been devised to 
protect pathogens during such a delay. 

Pike’s Medium 

This medium (Pike, 1944) is used to preserve Sirept. pyogenes, pneu- 
mococci and H. influenzae in nose and throat swabs (Holmes & 
Lermit, 1955 ; Masters, Brumfitt, Mendez & Likar, 1958). It is blood 
agar containing 1 in 1,000,000 cryst^ violet and 1 in 16,000 sodium 
azide distributed as for stab cultures in tubes or bottles. 

Stuart’s (1959) Transport Medium 

This soft agar medium is used to maintain the viability of gonococci on 
swabs during their transmission through the post to a laboratory. 

It is essential that the distilled water used in the medium be free from 
chlorine. To ensure this, it should be passed through an ion-exchange 


resin column before use. 


Anaerobic salt solution 

Thioglycollic acid (Difco) . . . • 

Sodium hydroxide, liV NaOH 

Sodium glycerophMphate, 20 per cent, aqueous 
Calcium chloride, CaCljs, 1 per cent, aqueous 
Distilled water 

2 ml. 

. 12-15 ml. 

. 100 ml. 

20 ml. 

. 900 ml. 

Mix the ingredients, adding sufficient sodium hydroxide to bring the 
pH to 7*2. 

Agar solution 

Agar 

Distilled water 

. 6g. 

. 11. 

Dissolve by steaming. 


Preparation of complete medium 

Anaerobic salt solution • • ■ - 

Agar solution 

Methylene blue, 0*1 per cent, aqueous . 

. 900 nd. 

. 11. 

. 4i3rfLi 
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Melt the agar and add the salt solution. Adjust the pH to 7*3-74. 
Add the methylene blue and distribute in bijou bottles, mling nearly to 
capacity. Autoclave at 121° C. for 15 and immediately tighten 
caps. When cool, the medium should be colourless. 

Preparation of stoabs . — ^Make neat swabs of absorbent cotton-wool on 
applicator sticks and boil 5 min. in 0*07 M phosphate buffer at pH 74. 
Shake off excess moisture and immerse in a 1 per cent, watery suspension 
oi finely potodered charcoal, such as BDH activated charcoal, twirling 
until the cotton-wool is black. Shake off excess moisture, place in test- 
tubes, plug these with cotton-wool, dry in oven and sterilise in oven at 
160° C. for U hr. 


Glycerol Saline Transport Medium for Enteric 

If there is likely to be a delay of some hours before spedmenslof faeces 
for culture reach the laboratory this transport medium prevents other 
intestinal organisms from overgrowing the enteric fever bacUli.' 


Glycerol 

So^um chloride, NaCl 
Disodium hydrogen phosphate, 
Na 2 HP 04 , anhydrous 
Phenol red, 0*02 per cent, aqueous 
Water 


300 ml. 

4-2 g. 

10 g. 

About 15 ml. 
700 ml. , 


Dissolve the sodium chloride in the water and add the glycerol. Add 
the phosphate and steam to dissolve it. Then add enough phenol red to 
give a purple-pink colour, judged by pouring a small quantity of the 
solution into a Universal container. Distribute in 6 amounts in 
Universal containers and autoclave at 115° C. for 20 min. 

The fluid should not be used if it becomes acid, indicated by a change 
in colour to yellow. 


Bile Peptone Transmit Medium 

This medium is useful for field work in hot climates where diolera 
may occur. Rectal swabs of faeces may be inoculated into the medium 
whidi is then returned to the base laboratory. Subcultures to Monsur’s 
medium should be made within 6 hr. if possible. If this is inq>racticable 
it should be subcultured to Monsur’s meditun immediately on return to 
the base laboratory and then incubated at 37° C. ovenught and sub- 
cultured again die next day. 


Trypticase or any good pqitone 
Sodium chloride, NaCl 
Sodium taurocholate . 

Water .... 


. Ig. 

. 0*5 g. 

. 100 ml. 


Di^lve the ingredients, adjust to pH 8*5 with sodium hydroxide, 
dtsttibute into bottles and autoclave at 121° C. for 15 min. 
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In order to make thk medium more selective for vibrios, sterile 
potassium tellurite solution may be added after autoclaving to give a 
final concentration of 1 in 200,000 as for Monsur’s Tlie 

medium is slightly turbid. It should not be kept longer than two wedn. 

MEDU FOR THE EXAMINATION OF MILK AND WATER 
Teast detract Agar 

This is a nutrient agar in which yeast extract replaces meat extract. 
It is employed particukrly for making plate counts of the viable bacteria 
in drinking water. The formula given is that prescribed by the Ministry 
of Health in a Report on Public Health and Medical Subjects (1934). 

Yeast extract . . . 3 g. 

Peptone . . . ■ 5 g. 

Agar, shredded or powdered . 15 g. 

Water 11. 

The recommended brand of yeast extract is *‘Yeastrel”, supplied by 
the Brewer’s Food Supply Co. Ltd., Edinburgh. Dissolve the yeast 
extract and peptone in the water at 100° C., cool to room temperature 
and adjust to pH 7*4. Place the agar if shredded in a muslin bag, wash 
in running water for 15 min. and express excess moisture before adding 
it to the broth. Autoclave at 121° C. for 20 min. and filter hot through 
paper pulp. Test the pH of the filtrate at 50° C. and adjust to pH 7*0 to 
give a final pH of 7*2 when cool. Distribute in 10 ml. amounts and 
sterilise by autoclaving at 121° C. for 20 min. 

Yeast Extract Milk Agar 

This medium is used for making plate counts of viable bacteria in 
milk supplies and rinse waters from dairy and food utensils. It is the 
medium specified by the Secretary of State for the examination of milk 
supplies in Scotland under the Milk (Special Designations) (SccMland) 
Order, 1951. The medium is prepared in the same way m yeast extract 
agar, but 10 ml. of fresh or spray-dried, skim or whole milk is added per 
htre of broth at the same time as the washed agar is added. 

MaeConkey Bile-Salt Lactose Peptone Water 

This medium is used for detecting the presence of coliform oiganiMSs 

in water and wiillt- 

Sit^le strength 

Sodium taurocholate (commerdal) 5 g. 

Peptone (any good m^e) . . . • |0 g. 

Sodium chloride, NaCl .... 5 g. 

Lactose , • . • ; 

Bromocresol purple, 1 per cent solutkm in ethanol 1 nu 

w Neuttal red, I per cent, aqueous solution . 5 fia. 

Water . . . • 11* 
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Dissolve the bile salt, p^tone and sodium chloride, steam for 2 hr., 
cool and transfer to the re&igerator overnight. Add the lactose and 
when dissolved filter cold through Chardin filter paper. Adjust the 
reaction to pH 7*4 and add the indicator. Distribute in 5 ml. amounts in 
1-oz. bottles or 6 X f in. test-tubes with Durham tubes and autoclave 
at 115° C. for 15 min. 

DoubU strength . — ^Make as above, but with double the amounts of the 
ingredients, eKcq>t water. Distribute in 50 ml. amounts in 5-oz. bottles 
using 3 X f in. test-tubes as Durham tubes, and in 10 ml. amounts in 
1-oz. bottles using 2 x ^ in. Durham tubes. 

Brilliant Green Bile Broth 

This medium is used in the differential coliform test of watej[ supplies 
to eliminate false positives due to anaerobes. 

Ox bile . — Fresh ox bile may be used. Otherwise dissolve 20 dehy- 
drated ox bile in 200 ml. water and adjust the pH to 7’0-7*5. 


Preparation of medium 

Peptone 10 g. 

Ox bile ... ... 200 ml. 

Lactose . . . . 10 g. 

Brilliant green, 0*1 per cent, aqueous solution 13 nil. 

Water to . .11. 


Dissolve the peptone in 500 ml. water, add the ox bile and lactose. 
Adjust the pH to 74. Add the brilliant green solution and water to 
make up 1 1. Distribute in 5 ml. quantities in 6 xf in. tubes with 
Durham fermentation tubes. Autoclave at 115° C. for 15 min. 

Sodium Azide Medium 

This medium (Hannay and Norton, 1947) is used for the isolation of 
Str^t. faecalis from water. 


Peptone ..... . . 10 g. 

Sodium chloride, NaCl . 5 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 . ■ 5 g. 

Potassium dihydrogen phosphate, KH^Of ■ 2 g. 

Glucose 5 g. 

Yeast extract (Yeastrel) 3 g. 

Sodium azide, NaNs . .... 0*25 g. 

Bromocresol purple, 1*6 per cent solution in ethanol 2 ml. 

Water 11. 


Dissolve the ingredients. The medium has a |>H of 6 * 6 -fi ’8 and no 
adjustment is necessary. Distribute in 5 ml. quantities in tubes. For use 
widi inocula of 10 or 50 mL of watar, a meduun of double diis strength 
it fNrepared and distributed in 10 and 50 mL quantities. Sterilise in the 
autodave at 121° C. for 15 min. 
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It is necessary to identify a culture medium after it has been made and, 
as media such as the kinds of nutrient agar and the different sugar media 
are similar in appearance, it is essential to have some simple but rdiable 
system of marking. Gummed labels are generally unsatisfactory 
especially as they become detached in the steamer when soHd media are 
melted. Colours, either alone or in combination, are good for dis- 
tinguishing media. It is better to use a few outstanding colours alone or 
in combination if necessary, rather than different shades of a colour; 
thus, green, irrespective of the shade, whether it be light or dark, 
yellowish green or bluish green, always indicates glucose. The colour 
may be indicated with coloured cotton-wool; or with cellulose paint 
applied to the caps of screw-capped bottles or applied as a small patch on 
glassware; or with coloured beads. 

Coloured cotton-wool can be used for tubes and flasks. Some other 
system is needed for screw-capped bottles and tubes with metal caps. 
The cotton-wool colour range does not include gold and silver for which 
there are paints. 

Cellulose paint on the caps is the best method for small screw-capped 
bottles and tubes with me^ caps. Coloured beads are good for large 
bottles. Ordinary opaque glass beads, 6-7 mm. in diameter are suitable, 
but dear glass beads are not. Before use the beads are boiled twice in 
distilled water and dried in the incubator. The appropriate bead is 
dropped into the bottle before it is filled. Owing to the convexity of the 
bottom of the bottle, the bead remains to one side and is very easily 
recognised no matter what type of culture medium is used. On tilting 
the bottle for pouring, the bead comes to rest on the shoulder and 
remains in this position, even when the bottle is almost completely 
inverted. 

It is recommended that a standard colour scheme be adopted and the 
followii^ system is suggested, as it is already widely used. 


Nutrient broth and agar from dehydrated 
stock . 

Infusion broth and agar . 

Meat extract broth and agar 
Digest broth and agar 
Fildes’ broth and ^;ar 

Casein yeast lactate (CYL) concentrate (Mar- 
shall and Kelsey) 

Complete CYLG medium (Marshall and 

Kelsey) 

Peptone water 

Salt cooked meat broth . . • • 

Serum tuoth and i^;ar .... 
Glucose broth and agar . . . • 

^^^ystyl vidbt blood agar . . • • 

Ma^kmi^aliq^ medium. Single strengtii 


White 

Yellow 

Brown 

Black 

Black/white 

Brown/white 

Brown/green 

White 

Orange 

Blue/white 

Gre«tt 

Red/blue 

1 red spot 
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MacC!onk<^’8 liquid medium. Double 

2 red spots 

strength 

MacConkey’s agar medium 

Red 

Desoxycholate citrate agar (DCA) 

Red/orange 

Tomato juice agar 

Red/yellow 

Sabouraud’s medium .... 

Light blue 

Distilled water 

White 

Normal saline (0*85 per cent.) . 

Dark blue 

Glucose in saline 

Blue/green 

Saline agar bleeding tubes 

White 

/ 

Media for Biochemical Tests i 

Citrate ....... 

Orange/white 

Craigie tubes .... 

White \ 

Decarboxylase — ^Arginine .... 

Pink \ 

Lysine .... 

White ' 

Ornithine. 

Blue 

Control . 

Black 

GilUes’ I and II 

White 

Gluconate .... 

Green/yellow 

Glucose phosphate for V.P. test . 

Green/orange 

H2S bro^ 

Malonate — Phenylalanine (combined medium 

Blue/browq 

of Shaw and Clarke) .... 

Blue/green 

Nitrate broth ... 

Brown/red 

Nitrite broth . 

Brown/yellow 

Nutrient gelatin 

Blue 

Organic adds — Citrate .... 

Orange/white 

Mucate 

Mauve 

Dextro-tartrate . 

Red/black 

Laevo-tartrate . 

Brown/bladc 

Meso>tartrate 

Mauve/black 

Phenylalanine agar 

Pink 

Plasma broth 

Grecn/white 

Urea 

Mauve 


Fermentation Media (“Sugara”) 

Where colours are mentioned for which there is no coloured cotton- 
wool, a small patch of cellulose paint is placed on the tube iteelf. 


Adonitol 

Silver 

Inodtol 

GtAd 

Aesculin 

Brown 

Inulin 

Yellow and white 



Lactose 

Red 

Arabinose 

Blade and yellow 

Maltose 

Blue and white 

Doctrin 

Red and mauve 

Mannitd 

Mauve 

Dextrose 

(see Glucose) 

Mannose 

Blade and green 
Red and 

Dtllcttol 

Pink 

Raffinose 
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Erythritol 

Black and red 

Fructxee 

Yellow 

(laevulose) 


Galactose 

Mauve and white 

Glucose 

Green 

Glycerol 

Brown and white 

Glycogen 

Blue and yellow 
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Rhamnose Black; aod 
Salicin Pink an4 i^mte 
Sorbitol Black and blue 

Starch Yellowandmauve 
Sucrose Blue 
(saccharose) 

Trehalose Mauve and green 
Xylose Red and green 
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CHAPTER 48 

CULTIVATION OF MICROORGANISMS 

USE OF CULTURE MEDIA 

General methods of culture sod preservation of microorganisms are de- 
Kribed here. Special methods apphcable for particular purposes are referred 
to elsewhere, in the appropriate sections. 


PERSONAL PRECAUTIONS IN BACTERIOLOGICAL 
LABORATORY WORK \ 

It is essential to wear an overall while at work. If any material containing 
pathogenic organisms drops on the bench, floor, clothes, apparatus, etc., it 
should be stenlised at once with 3 per cent, lysol or a 0*1 per cent solu- 
tion of mercuric chloride. If the hands become contaminated they should 
be disinfected in a basin of dilute lysol or mercuric chloride solution, and 
workers should make it a rule always to wash the hands thoroughly after 
completing any bacteriological work and particularly when leaving the 
laboratory. 

It must be emphasised that in the laboratory labels must never be licked. 
There is always a grave risk of infection by this habit. Labels sliould be 
moistened either by a drop of water on the finger or by a pledget of wet 
cotton wool 

It is reconunended that the worker refrains from smoking, particularly 
when dealing with cultures or infective material. No food should be con- 
sumed in a bacteriological laboratory. 

Precautions to be taken in carrying out spedal methods are referred to 
later. 

Bacteriological and pathological laboratory woAers sbotild consult the 
Report (1958) on precautions aga^ tuberculous infection in the diagnostic 
laboratory. This deals with the risk of tuberculous infection associated with 
work on material containing tubercle bacilli, not only in the laboratory but 
also in the animal house and post-mortem room; it summarises the precau- 
tions to be taken in the course of such work to avoid accidental iitfection. It is 
emphatiised that no protective face mask less complex and uncomfortable than 
the Service type gas mask will^e useful protection against the inhalation of 
infected, airirome partides. When work is done with dangerous pathogens, 
such as ^e tuberdebadllus, it is recommended that the pr^dures ate carried 
out in a protective "inoculation cabinet", wluch is spedaUy ventihded and 
contains an ultraviolet lamp for disinfection after use (see p. 794). 


SEPARATION OF MIXED CULTURES AND ISOLAHON OF 
PURE CULTURES 

EMdatioB of Pore CiiItntes.-~Most studies and tests of the jihysio* 
logical, uniwinological and other characters of bacteria ate valid only when 
nulde on a pure amure, le. an isolated i^vwlh of a aingie stnin me 
ntbcture and omtamination with other bactoia. For this mson, ha tiie 
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diagnostic examination of mixed infective material, an easential preUmiiiary 
ie the isolation of the pertinent organism in a pure culture* Thb Is sMSrmally 
achieved by the method of ^^plating out’’ on a solid culture medium* The 
solid medium most used is nutrimt ^gar^ a preparation of nutrient brorii 
jellified by addition of the polysaccharide ”agar*agar” (p. 733); it is usually 
dispensed as a flat layer in a shallow 'Tetri” disk The ixried:^ material is 
inoculated on the surface of this and spread out very thinly* Wheire the 
bacteria are deposited singly at suflicient ^stance from each oth^ (e.g* I cm*)* 
the whole progeny of eadi ac^mulates locally during growth to form a 
discrete mass* or toUmy^ which is readily visible to the naked eye (e.g* O-S-S 
mm* diam.). Each colony constitutes a pure culture, since it consists ex*« 
clusively of the descendants of a single cell; it may be "picked” with a sterile 
inoculating wire to prepare a pure subciilture in a fresh medium* Occasion* 
ally a mixed colony is formed from two bacteria that have been inocudated 
close together on the agar, and this must be avoided. The maintenance 
of pure cultures necessitates the use of properly sterilised media, containers 
and instruments, and continuous covering against the deposition of dust* 
borne bacteria from the air; during inoculation, the culture medium should 
be uncovered only for a few seconds* 

The several techniques available for the isolation of pure cultures are: — 
L By Plating Out. — In most cases the method shown in Fig* 58 is 
employed. 




A wire loop, sterilised by heating in a Bunsen flame, and then aJloiV^ 
to cool, is charged with the bacterial mixture, pus or other pathologic materi^ 
and smeared thoroughly over area A to rive a well-inoculum* The loq;> is 
resterilised and then drawn from the weU-inoculum in two or patiBel 
lines on to the frcA surface of the medium (B, B, B); this process is repeated 
as shown in the Figure, care being taken to sterilise and then cool me loop 
between each sequence. At each step the inoculum comprises the most distal 
part of the iWiediatriy precedU)^ strokes* 

When srieorive media are bd^ employed, s*g. DCA, they can be more 
heavily inoculated (Fig* 59)* Several foopfols of the spectmen are wed to 
spread the well*in 0 culusn (A); the loop is resterilised in a flame, reclw|^ 
by rubbing it over area A, and then u^ to inoculate the renwnoc^ of the 
plate by successive parsUri strokes, B, C and D, drawn m the directions 
mdicat^ inXX^ tto Uhod with sateeflw a heavy 
^^ooculsiion can be ffiade wtdi wS lesuhsng colonies well separated eacqpti 
ofcourse,intimwti4aoei^ * * . t 

An riimiidve m00mA lor Petri diihoa » to employ a ^pieaden 
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» nude by bending a piece of glass tod, 3 nun. diameter, at a angle in 
the bkmjupe flame, the short Hmb, for spreading, beii^ 1 in. long. 
Spreaders may be sterilised in the W air oven, a number beiiw padced in 
a metid tin with a *‘pres8.on” lid loosely applied. Alternative^, a sterik 
capiUary fnpette held hoiiaontally may be heated about | in. from its lip in 
lAe pilot flame of a Bunsen burner. As die glass softens, the end of dn 
mpette bends at ^ht angles making a ^reader, A smaU amount of the 
bacterial mixture is placed on the plate with an inoculating loop or capillary 
pipette. By means of a sterilised spreader the material is evenly distributed 
wet the surface. The smeader is then transferred to a second plate, which 
is umilarly irwculated. Thus the medium in the second dish is inoculated 
merely with the organisms carried over by the spreader from the 

By these methods the bacteria are ^dually wiped off the wire br spreader 
so that they are ultimately deposited singly. Generally from eacn individual 
* organism an isolated colony will grow; a single colony may be rabcultured 
on fresh media and so yield a pure nowth. If there is any doubt as ip uhether 
a pure colony has been obtained for picking, the colony should replated 

inunediately on a fresh plate and a single colony picked from second 
plating. In order to ensure separation, m surface of the medium be dry 
(see p. 725). 

Plate cultures should have the nature of the material, and also the date, 
written on the glass of the Petri dish by means of a grease pencil. Agar plates 
are incubated in the inverted position, i.e. the lid of the plate is underneath 
and the grease-pencil writing should be on the portion of the dish containing 
the medium. On the other hand, gelatin, because it is liquefied by many 
organisms, is incubated with the lid uppermost and the necessary pencil notes 
are made on the lid. 

Care must be taken in picldtig off sir^le colonies, particularly when they 
are very dose to one another, that the point of the wire does not touch any 
of the neighbouring colonies. The culture should first be looked at through 
the medium by holding it up to the light. The lid should be removed and 
the dish fadd round the dde by the thumb and middle finger of the left hand. 
The colonies selected should be marked by ^ease-pencil rings on the bottom 
of the dish. To pick off the colony, first sit down with both dbows on the 
bench. Hold the plate vertically with the left hand, then grasp the holder 
of the wire like a pen, with the fingers quite close to the wire. Steady die 
right hand by placing the little on the left thumb in the way artists 
support the l^d when paintii^. Ine selected colony is then easily removed 
without tottchif^ the others. Lay the plate on the bench, wimdraw the 
Ti^ hand to die other end of tlw holder and inoculate the required medium 
in die manner prevknisiy described. 

Plate Csdtttre Microseope . — Several makers ;^roduce low-power Innoeular 
tnapifiees vdikh are extremdy useful for e x a m i n i n g plate cultures of otgan- 
inns; diey have a loi^; woridi^ distance so that a rolony^ can also be j^ced 
off the pi^ while uni% the instrument When dealing mth bacteria foroui^ 
■small ddia^ colonies, or where the colonies of the desited-ot|ani8m are 
few in number, die low-power Innocular is invaluaUe. A mi^intficatioQ of 
ten diameters is useful for general wotk, but with interdiangealde eye-^eces 
and olinecdves, nu^;nifications from six m thirty dismeters are available. 

2. By Plating X^kemal Dildtionb or tbb Imocdldm.— A aeries of 
tubes or botdes of mdited agar or gdatm are inoculated with simoearive deoiBial 
dilutbitt of dw infbeted material and dioa die meifium in eadt fubo is pouted 

into a Petri <flsh and allowed to sdidify. BydfludmLdiebacieiiailOeepar* 
orted from om aniriher, and on incubadim the fOMddBf ooMd MO 
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sin^y tiuoughout tbe aoUd nediiim. A cobuqr may be picked for autXMitun 
by pricldng throu^ the agar to it with the point of an inocidatkg wire. 

3« Bt Heating and Subsequent PLATmo.—Hia method is ca^foyed 
when the organtama to be obtained in pure culture are more nsshrtimt to 
heat than the remainder of the bacteria pnaent^ The tnetiuid appUes 
espedially to spore-bearing oroanianu, such as the doatadia, the wwes 
which survive the heating, llie mixture of bacteria is heMed to ^ C for 
half an hour and then plated. From the spores, individusl colonka devdop, 
and these may then be picked off. 

4. Bt Shake Cultubb in Tubes.— This method is sometimes used fo 
the separation of anaerobic organisms. 

5. Bt the Use of Selective Media.— M edia sudi as desoxycholate- 
dtrate-ag^ for the SahnoneUa and Shigdla groups, Dieudonn^’s for ^ 
cholera vibrio, the tellurite media for the diphmeria badllus, etc., have been 
devised so that the majority of the organisms other than those for whkh 
the media are used will not grow, and the isolation of pure cultures is tiius 
facilitated. 

6. Bt Animal Inoculation.— Advantage is tafe«»n of the fact that 
laboratory animals are highly susceptible to certain organisms — ^for evsniple, 
the mouse to the pneumococcus. If a mixture of organisms containing the 
pneumococcus, e.g. sputum, be inoculated subcutaneouriy into a mouse, foe 
animal dies of pneumococ^ sraticaemia in 24-36 hr., and from the heart 
blood the organism can be obtained in pure culture. Similarly tte tubercle 
bacillus can be isolated from contaminating organisms by inoculation of a 
guinea-pig. The tubercle bacillus is found in a pure state in the resulting 
lesions. 

INOCULATION OF CULTUBE MEDIA 

According to the nature of the medium and foe inoculum, various 
methods are employed for inoculation, and foe following instruments are 
commonly used: 

Wire Loop , — ^The original type of inoculating wire was of platinum. 
No. 23 SWG, 2| in. long, but, owii^ to the h^h cost of platinnm, 
“Nichrome” or “Eureka” resistance wire, 

No. 24 SWG, is now generally used. One 
end of foe wire is fused into a glass rod, 
or inserted into a special aluminium holder. 

The other end is bent in the form of sloop, 

2 mm. internal diameter, care being taken 
that foe loop is flat and completely dosed. 

The wire is ateriliaed by holding it ver- 
tically in a Bunsen flame so that the whde 
lengfo becomes red*hot at the same time. 

A wire dbar^ with certain mwths, e,M, of 
the tubeide badllus, dioula be sterifised 
slowly in foe coder part df the flame, or a 
hooded Bunsen burner should be used (see 
diagram), as partides of unMerilised oilture Fio. 60. 

^y “spwut” from the wim mi to tim beudL 

The loop is the moat useful d the inoculating wires. Ittakest^aoonsMtoaUe 
unount of sottd t!tilhum,m: a boM drop of foihi. 

k maiw to foe foregocog, bto; witfaeait 

itisuaedforf^udlttitota^daoforpkddngodilRi^ecdito^ , 
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Lot^ Str^kt Wire.-^A wire 4| in. lon^ mounted on a holder is employed 
for deep-stab inoculation when worldng with anaerobes. 

Tmek Wv», particularly with a loop, is very useful on account of its 
rigidity for lift^ thick visdd sputum and tenadous growths. 

Sempd. — This instrument, sterilised by flaming, is used for mriking 
inoculations with scxapings from tissues and ulcers, etc. 

Sterile Pipettes. — Bulb p4>ettes (10-100 ml.) are used when large 
amounts of fluid inoculum have to be added to a medium, and gradutUied 
1-ml. or 10-ml. pipettes when the moculum is between 0*1 and 10 rm. These 
pipettes are stoppered with a cotton-wool plug in their upper end to guard 
against contamination of their interior or accidental aspiration of their 
contents. Because of the danger of infection, they should not be placed 
directly in the mouth, but should be operated ei^er with a rubber rteat or with 
a glass mouthpiece which is attached by a length of rubber jibing and 
sterilised by flaming (see p. 909 for details). 

Stbrilb Capillary Pipettes. — ^These are made by heating th^ middle of 
a piece of glass tubing, 5 mm. bore and 20 cm. long, and when mel^ pulling 
out the two halves; the capilla^ formed in the middle is broken af^ cooling 
and two pipettes are thus obtained. The capillary ends, which should not be 
too thin, are sealed in the flame, and the other ends are plugged with cotton- 
wool. They are placed in a large test-tube {e.g. 8 x l| in.), which is then 
stoppered with cotton-wool, or covered with paper or aluminium foil, and 
sterilised with dry heat. Before use, the tip of the capillary portion is broken 
off and a rubber teat fitted to the other end. An alternative method is to 
prepare the 8-in. lengths of glass tubing with cotton-wool plugs in each end, 
wrap them in bundles of 8-10 in kraft paper, sterilise in the hot-^ir oven, 
and draw the capillaries in a flame just before they are required for use. 
These pipettes are very useful in many bacteriologicd manipulations. 

Capillary Pipettes Delivering Measu^ Drops. — Small measured 
volumes are conveniently delivered with sterile capillary pipettes that have 
been prepared to give drops of a known volume. The pipettes are drawn 
from glass tubing as described above. When cool, the capillary is inserted 
into the appropriate hole of a Morse drill gauge and pressed through until it 
engages. For water drops of 0*020 ml. the hole used is Morse 59 (t.e. 0*041 in. 
diameter), for 0*025 ml. Morse 55 (0*052 in.), for 0*030 ml. Morse 52 (0*063 
in.), for 0*035 ml Morse 47 (0*078 in.) and for 0*040 ml. Morse 43 (0*089 in.). 
Fbtactly at its point of impaction in the hole, the capillary is scored with a 
glass-cutter (e.g. a vulcanite carborundum disk), and broken off squarely. 
The pipettes are then plugged in their wide end with cotton-wool, packed 
in a luge test-tube and sterilised in the hot air oven. In use the pipette is 
fitted widi a teat, filled with the liquid and held vertically with the tip dotni- 
wards. For accurate work the drops should Jie eipelled at the constant rate 
of about 40 per minute, i.e. taking about H teconds for the gradual expulrira 
of one drop. Ihe drop rise may differ ^g^tly in the case of liquid trith 
different densities and surface tensions from that water, and the p4>ette 
should be calibrated directly for tike particular liquid by measuring the 
volume of 100 drops. For further details connik A Sydm qf Baeimohgy, 
Medical Researdi Council, 1931, voL 9, pp. 174-83. 

Tedmiqiie at bocnlatiiig its TiriiM 

The fdlowing routine methods are teoeanmaaded. 

buaiaiim nf one **tlopd' from ano)Ekar,.*«-11ie two tubes are 
at riwtt lower between t& thumb aid first two fingem of left 
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^th tibie sliqiod mur£ftce of tibe medium towards the woiher* The tulM^ oon* 
taining the growth should be on the left and the uninoculated tubeoBlherigfat* 
With the right hand loosen the cotton-wool stoppers by rotating them in the 
mouths of the tubes so that they may be removed ea^y* Take the holder 
of the inoculating wire at its end between the thumb and first two fingets 
of the right hand (as in holding a pen). Steril^ the wire by holding it 
vertically in the Bunsen flame. Remove the stopper of the l^aht from w’mdi 
the inoculation is to be made, with the crooked t^d fing^ of ^ light hand« 
and flame the mouth of the tube. Pass the wire into the tube and touch a 
portion of the medium free from growth to ascertain if the wire is sufficiently 
cool. If too hot, the wire wili melt the agar, causing a furrow, and might, 
of course kill the organisms in removing the growth. When the wire is cool, 
the growth is scraped from the siirface, care being taken not to wound the 
agar. Withdraw the wire, remove the stopper from the other tube with the 
crooked little finger and flame the mouth of the tube. Insert the wire charged 
with the growffi md lightly smear the surface of the agar. Withdraw the 
wire and sterilise it, flame the mouths of the tubes and replace the stoppers. 
The nature of the inoculated material and also the date should be written 
on the tube by means of a grease pencil, or on a giunmed label which is ffien 
affixed to the tube. 

For stab cultures, the tubes are held similarly and the straight wire charged 
with bacterial growth is plunged into the centre of the memum, care being 
taken to withdraw the wire in the same line to avoid splitting of the medium. 

For shake cultures^ agar or gelatin medium in tubes is inoculated in 
melted condition at a temperature that keeps the medium fittid but is not 
immediately lethal to the organisms inoculated, e.g. 45^-50*^ C. The contents 
of the tubes are mixed by rotation between the palms of the hands and then 
poured at once into a Petri dish, or left to solidify in the tube so that colonies 
may develop in the depth of the medium, as when separating anaerobes^ 

In inoculating a fluid medium, such as broth, from a solid culture, the 
tube should be inclined almost to the horizontal and the growth on the loop 
deposited on the wall of the tube just above the surface of the liquid at the 
lower end of the tube. On returning the tube to the vertical position the 
inoculum is below the surface of the broth. 

Technkiiie of Inoculatiiig Medium in Screw-Capped Bottles 

When inoculating medium in screw-capped bottles, essentially the same 
procedure is carried out as for tubes. Before the bottles are held in the hand 
it is advisable to loosen the screw cap, as this is often 
tightly screwed. If the caps are very tieht they can 
easily be loosened by means of a bored-out rubber 
bung, a section of whidi is shown in the figure. A 
bung about 2 tncbeaacross is suitable, and by means 
of a coxk^borer a number of holes are bomd in a 
slanting directaon round a diameter of inche^ so 
ffiat the whefle centre is removed, leaving a conical- 
shaped^vity. It is ptefeiable to have the ridged, 
ae It grim the cap mewe essily^ The bung can be 
held in die hand, or suitably mounted just bdow the pio. fib 

edge of the bench. 

, For the bottlei are hdd exactfy as taat^tubefi. and % capifl 

diewueisintiodi^^ 
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cap is now loosdj screwed on, and vhea the bottle is ready for die inoubafor 
the screw-cap is tightened if considered necessary. 

Iiwciilatfoa Hood iMT CaMaet 

It is advisable, as for as possible, to carry out certain inoculation pro- 
cedures under a hood in order to mininuse the chances of aerial contamination. 

A suitable size of hood is 5 ft. wide, 5 ft deep, 7 ft 6 in. high. It ^ 
oyer the bench to form a completely enclosed chamber and is entered by a 
sliding (not swing) door. All sides above the bench level consist of windows. 
Vent^tion is seemed by two holes in the roof ; from the top of each is attached 
a vent pipe 3 in. wide and 18 in. loi^, and turned at right angles. The bench 
on which the hood is fitted should have a gas supply for the Bunsec burner, 
and it is convenient to have a pipe foom the roof 3 in. in dfometei with a 
funnel-shaped opening rituated 24 in. above the bench top, i^er which 
the Bunsen burner is placed so that the gas fumes are led cmreotly away. 
The hood may be lighted by an electric lamp suspended from riic roof. 

The table under me hood is covered by a towd soaked ini : lOM mercuric 
chloride solution, so riutt any organisms deposited in dust are \de8troyed. 
The advantage of the hood depends on the relative absence of dust and air 
currents, which are likely to produce contamination of medium, etc., exposed 
in the process of inoculation. The inoculating hood may be used with 
advantage in the preparation of blood agw plates and other highly nutritive 
media, and in conducting autopries on animals under aseptic conditions. 

A more simple inoculation box which is movable can easily be constructed 
asshownin the figure (Fig. 62). TheframeismadeofwoodandithasarioiMng 
efoss window in front, and two apertures whereby the hands and larms can 
be inserted to cany out the necessary manipulation of the cultures. A 
convenient size is 3 ft. wide, 2 ft. deep and 3 ft. high. 

Proteetfoe inoadatim cabinet . — When work is done with dangerous patho- 
g«is, sudi as the tubercle bacillus, it is ad'risable that procedures are carried 
out in a cabinet fitted with a ventilation S 3 rstem that does not allow contamina- 
tion of ^ laboratory air and an xiltraviolet lamp that can be used to disinfect 
the cabinet after the work is finished. A suitable cabii^ has been described 
by W ilKaitMi and Lidwell (1957). Convenient cabinets are available commer- 
cially, e.g. the “Bassaire^’ cabinet supplied by John Bass Ltd., Cravdey, 
Sussex. These “protective” cabinets are also quite suitable for carrying out 
“dust-free” inoculations and other procedures. 


INCUBATION 

Students and others commencing work uTa laboratory should fomiliatise 
tibemsdiveB wi^ die mechanism of the incubator, whereby aw derived 
tei^icrature mi^ be constantly maintained. IncubMoia mi^ be heated by 
ekctricitjr, gas or oil, according to the facilities of the labmatory. 

All bactettol<%iGal lab<»atories have one or more inimbatots working ri 
37‘C. Tiya temperature, which is die optimum fw practically all pathogostic 
organisms, is diat referred to when ^eriorig of iricubMion without o ient ioiii n g 

the temperature. 

Some labmatories have a warm room heated by gas or dectriefey, and 
kept aot 37° C, in vriuch huge quantides of material can be ioodiated. The 
room has a iqiulating ntechsniwn rindar to fee mdinary iBcnbatar to kern 
^ imftr m m oonaiant, and if dectiicdly heated it should befitted ndm 
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a to cut off the cunent for the room at ffie ma*" swildi if the tesn* 
perature riaes above 40° C. 

Other temperaturea for incubation ate 30° C., uaed for cultivi^im; 
staphylococci and leptospirae, 25-28° C., used for many foi^ and 22° c! 
(“cool incubator”), used for certain fongi and for gebrtin cultures. (Gelatin 
medium melts at about 24° C.). 

^ In carder to prevent dryii^ of the m^um in teat-tubes when praboged 
incubation is necessary, as in the cultivation of the tubensle bacUhia, the 
mouths of the tubes are sealed with paraf^ wax, or corared witir spechd 
rubber caps. Under these circumstances, however, we strongly advise that 
screw-capped bottles should be used instead of test-tubes. 



HINGED FRONT WHICH 
CAN BE OPENED 


APERTURES (FOR INTRO- 
DUCING THE ARMS) 


COVERED BTCAUCO FLAPS. 


Fio. 62. 


METOOOS OF ANASR(»!C CULTUItE 

Obligate anaerobes are defined as organisms titat will grow oafy in the 
absence of free (Hcygen. TiwiaetiiCKi usually employed to estshtiahanaaesliie 
tonditiems is to roBDOve tneygen focan tiw atmoqtheto simoundiing tito 
the oxygen is sconetimes replaoed by an inert 

The sinoleBt inetfaod i» aecuting anaetobtoafo » by tito 

ums in solid medton. 

purpose, tlto additibn (ff 0*5 per c«At ihiOQoe to tito titodi^ fo 
' wiwBcul^iwfoftitoMoihan^^ 
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acts as a reducing agent, and further serves as a suitable pabulum for bacterial 
groivth. The agar may be inoculated when solid by means of a long straight 
wire. The colonies develop best in the depth of the tube, becoming fewer 
and smaller towards the surface. No growth is usually noted in die top 
half-inch of the medium. An alternative method is to melt the agar, cool it 
to 45® C. and introduce the inoculum by means of a captUary pipette. The 
contents of the tube are mixed by rotation between the palw of the hands. 
The agar is then rapidly solidified by placing the tube in cold water. The 
colonies develop in the deep portions of the tube, usually separated from 
one another. 

A convenient method is the use of semi-solid agar medium. A fluid 
medium, e.g nutrient broth, is heated in boiling water and to it is added 
one-tenth of its bulk of melted 2 per cent, nutrient agar. On cooling, a 
semi-solid “sloppy” medium results which can be used as it is, but is usually 
enriched with glucose, 0*5-l per cent., or other reducing agent such as 
sodium thioglycollate, 0-1 per cent. (Brewer’s medium, p. 756), or ascorbic 
acid, 0*1 per cent. If the semi-solid medium is tubed and kept for any 
lengidi of time it should be placed in boiling water for ten mitmtes and 
allowed to cool before use. 

Glucose broth can easily be rendered completely anaerobic. Long tubes, 
8 X I in., are half-filled with the medium and are placed in the steamer for 
half an hour or m boiling water for 5 min. Sterile melted petroleum jelly 
is then poured on the surface of the medium and the tubes are rapidly cooled. 
The heating removes all oxygen, and the petroleum jelly effectively seals the 
medium from the air. Inoculation is made by means of a capillary pipette 
after melting the petroleum jelly. Gas-producing anaerobes should not be 
cultivated in this medium, as the gas formed will force out the petroleum 
jelly seal. 

Robertson’s cooked-meat medium is also very useful for anaerobic work. 
The sterilised muscle tissue contains reducing substances that are effective 
in maintaining anaerobic conditions at the bottom of the tube. The reducing 
activity of the meat is shown by the pink colour in the lower layers due to 
the reduction of haematin, 

A convenient method of converting broth and peptone water media, 
gelatin and milk for anaerobic use is by the addition of iron strips, about 
25 X 3 mm. in size, cut from 26 gauge or other thin sheet iron (which is really 
a mild steel containing less than 0*25 per cent, carbon). Alternatively, 
ordinary iron nails are suitable. The iron nail or strip is sterilised by flaming 
and dropped while hot into the medium. The medium is inoculated and 
incubated in the ordinary way, the iron ensuring anaerobic conditions. 
Sugar reactions may be noted and tests for indole may be carried out after 
24^8 hours’ incubation. The results should be read before the heavy 
deposit of iron hydroxide masks the reaction, but this is minimal if the iron 
is completely immersed in the medium. 

Mdntoth and Fildes’ Jar 

To grow anaerobes on the surface of solid media it is necessary to provide 
an atmosphere free from oxygen. This is achieved by the use of McIntosh 
and Fiidm’ jar or a modification of it. 

The principle is that spongy palladium or ^ngy platinum acting as a 
calafytic agent causes the slow combination of fa^ogoa and oxygen to forth 
water. 

The jar itself (8x5 in.) should be made of metal, and haa a ti^^fitting 
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lid that can be clamped Glass jars have been used in the past biiti as 

exploebns occasion^y occur, their use is not justified. The lid is iutmshed 
with two tubes and taps, so that hydrogen may be introduced into the jat. 
Suspended from the lid by means of two stout wires, which are connect 
to terminals, is a small g^ved porcelain spool around which is wound a 
fine coil of resistance wire, the ends of which are connected to the two wires 
supporting the spool. Around the spool is wrapped a layer of piffladanised 
asbestos. When an electric current is passed through the reststance wire on 
the spool Ae spongy palladium is heated. The spool is surrounded with wire 
gauze which, on principle of the Davy lamp, prevents an explosion of 
die hydrogen and oxygen mixture. The electric terminals must be connected 
to the mains through an appropriate resistance, such as the rheostat supplied 
for the purpose by certain manufacturers. 

Petri dishes or tubes are placed inside the jar, and also an indicator to 
show that anaerobiosis is maintained. The Petri dishes are placed in the 
usual way with medium uppermost and lid downwards. It is advantageous 
to separate the lid from the rim of the dish about 1 mm. by the insertion 
between them of a bent pin or fragment of blotting-paper; this prevents 
sealing of the lid by condensed moisture. 

The rim of the jar is smeared vdth petroleum jelly and the lid clamped 
firmly in place. One tap is closed and the other connected with rubber pressure 
tubing to a water-pump or mechanical pump. This is used to evacuate at 
least three-quarters of the air from the jar, preferably reducing die remaining 
content to less than 60 mm. Hg absolute pressure. Evacuation of most of 
the air from the jar before adhnittiiig the hydrogen prevents trapping of 
oxygen in Petri dishes and tubes that are too tightly closed. The tap is dien 
tightly closed and the other tap connected with rubber tubing to a %drogen 
supply. Hydrogen is allowed to pass into the jar through a small wash 
bottle until the jar is full. The electric current is now switched on so that 
the palladinised asbestos may be heated. The combination of hydrogen 
and oxygen takes place quietly in the jar. Water is formed, and more 
hydrogen enters to take the place of the hydrogen and o^gen consumed. 
When hydrogen stops bubbling into the jar, usually within 20 min. or so, 
the tap is closed and the hydrogen and electricity supplies disconnected. 
The jar is placed in the incubator, and an indicator tube containing methylene 
blue (see below) should remain colourless, showing that complete anaeroUosis 
is established. 


Simple Form of Meintoah and Fildes’ Jar 

Another form of the catalyst for a McIntosh and Fildes’ jar allowa the 
jar to be set up more quickly and may be prepared inexpensively. It is 
active at room temperature and d<m not require heating electricalfy. 

The catalyst is made by dissolving one gram of pwadium chloride ^ 
10 ml. of distilled vrater containing a few drops of concentrated hvdiochle^ 
acid; 1*5 g. of asbestos wool is saturated with this solution and dried. 
asbestos is teased out as finely as possible and heated in a smoky fiamie 
blac^ and then roasted in tlte outer paitofa Bunsen flanaettU the blacht naterie l 
vanishes, The catalytic activity of the pre^wmtion may be tested l^d^ 
a fine jet of hydrogen on to it, when the asbestos should |^cw and knile tip 
gas. This aznount of cataly^ is sufficient for a!^t 6 cSpsulee SpS# Iw 
apreadir^ palladinised asbestos in a thin layers inches on ntuMsSf 
of a shect^of 50-40 mesh brass or copper gawe, 1| in,, opif Ipe 
other half and turning m the edge of the two Tl^calamlciihic^ 
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Stored in a place* preferably in a desiccator, Mcdstiue deposited on the 
surface inhibits catalytic activity; it is removed before each use by heating 
the capsule in the outer part of a Bunsen flame. Inactive palladium sulphide 
may be formed from hydrogen sulphide evolved by cmtures in the jar. 
When this happens^ it is best to discard the capsule. 

Place the cmtures and an indicator tube into an airtight container fitted 
vdth an inlet tap and a capsule in a dip under the lid. Seal the lid by pressing 
plasticine between its edge and the jar rim. Connect the tap to a pump and 
pressure gauge, and exhaust two-fifths of the air from the jar (t.e. to about 
450 mm. Hg absolute pressure); ensure that the jar is not leaking at this 
stage. Close the tap, connect to the hydrogen supply via a small wash-bottle 
and open the tap to let the jar fill with hydrogen. After the initial inrush of 
hydrogen there is a pause followed by a secondary bubbling (as hydrogen 
is drawn through the wash-bottle into the jar to replace the hydrogen and 
oxygen that have combined due to the action of the catal 3 ^t;Athi 8 second 
in^e is evidence that the catalyst is active. When it has occurred, dose 
the tap and transfer the jar to the incubator, where the catalysed combustion 
will continue, the volume of hydrogen now in the jar being sufficient to 
utilise all the remaining oxygen. 

There is no need to wait forther until hydrogen completely stops bubbling 
into the jar and this, in addition to the avoidance of electrical equipment 
and connections, is a great advantage in comparison with the use of jars 
with electrically heated catalysts. 

An anaerobic jar which operates with a catalyst active at room temperature 
is commerdally available.^ This jar is provided with a capsule containing a 
semi-solid indicator of anaerobiosis fitt^ externally to a side arm. ^ 

Hydrogen Supply 

A hydrogen supply may be obtained from a Kipp’s apparatus by the 
action of sulphuric add on zinc. The gas must punned by passing 
through three wash-bottles containing: (1) 10 per cent, solution of lead 
acetate, to remove sulphuretted hydrogen; (2) 10 per cent, solution of sfiver 
nitrate, to absorb arseniuretted hydrogen; and (3) a mixture of pyrogallic 
add and caustic soda, to remove oxygen. 

It is more convenient, however, to obtain hydrogen from a cyitnder con- 
taining the compressed gas. The commerdal hydrogen so obtained is 
suitable for use in the various anaerobic apparatus employed. The hydrogen 
cylinder cannot be connected direcdy to the McIntosh and Fildes’ jar, as 
the pressure is too great. It should be fitted with a reduc^ valve to deliver 
hydrogen at a constant pressure 2r3 lb. per square inch) whidi can be 
predetermined or altered at will The gas is then passed tnrough a small 
wash-bottle containing water in order that its rate of flow may be observed, 
and to detect when no forriier hydrogen is drawn into the anaerobic jar— 
a state which is reached when all the oxygen in the jar has comfaiiied with 
hydrogen. 

A very simple alternative method is to attach an orffinary football bladder 
to the hydrogen cylinder. The gas is turned on and the bladder inflated. 
The gas is then turned ofif and the tube of the bladder closed by a screw clamp* 
and removed from the cylinder. The inflated bladder b connected by tts 
tobe to the anaerobic jar via a wadr beetle (See 4S%rain,p. 799). Theii^ 
btotle shows when hydrogen is flowing into fihe jar. Since the flow can be 

* Bssrd k Lad.* Chsdwdl HwA, Essex, Engbmd. 
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judged fvom the dhange in the size of the blsdder, die wash botde can be 
omitted and the bladder be attached directly to the jar. 


Indicator oi Anaerddoak 

The indicator of anaerobiosis consists of a mixture in a cotton«'Wool 
plugged test-tube of equal volumes of (a) 0-1 JV NaOH 6 nd., vrater to 100 mL, 
(6) 3 ml. J per cent, watery methylene blue, water to 100 ml., (c) glutose 
6 grams, water to 100 ml., and a small crystal of thymol; mixture is 
boiled until it becomes colourless and is at once placed in the jar. This 
indicator, when in the jar, should remain colourless except for a sUght tinge 
of blue at the top, which disappears during incubation. 



CULTIVATION IN AN ATMOSPHERE WIH 
ADDED CARBON DIOXIDE 

Certain otgamsms vnll grow only «dien carbon dundde is added to the 
atmosphere sunoundiiig thmn, e.g. Br. tAortm, uid some grow better in sadi 
atmospheres than in ordinaiy air, e.g. fmeutoocoocus, etc. A ccaxwSebt 
method is to use tin containers, size 8 X 10 in., with presa*«n lida« CMMi^ 

of about 3| litres.^ The carbon dioxide » generated ib the tin Itself ffoai 
marble and hydtofihlotk add. The cultures, eitiier in Fetn dfadtes {tndbsn 
in a aunpje vmt basket) w in tubes, are plaoed in tiie tin together wiSt « 
opentube, 8x1 in.,c(mtainingl0ad.(etoM0^2JVhydtodUoricidd. 4 
marble chip of about 0*7 g. (weight need only be uffiraxuasto) is dropped 
into the sod and the Bd ptiased on. (Net»---|g.CiOi)t treated 
or more, of 2 JV HCl toienites 2H ml COi at nonuti tooitoeiRtore end 
pKssuie.) Tkm slight ineiassed pressom of the ouhon dhmde hi tl no 
ponsequoifie. If cuhorei are «anfb% tetooeed and fimb esws added 
mimediati^ there is ito need to itoiew tiw itouhb told 

* Cfe»aitiatelrtmA.Qa8tolciBiS»*0*.»I^ 
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In using such closed containets there is a tendency lor moisture to collect 
on the lid of the Petri dish. The same occurs in anaer^ic jars. It is recom- 
mended, therefore, before incubating to pla^ in the lid of the dish a squMe 
piece of filter- or blotting-paper of such a size that it is just held in position 
by its four comers, For the usual 4-in plate, a 3-in. square. The paper 
should not fill the top of the dish, as it would, when wet, act as a seal and 
prevent the access of carbon dioxide to the inside of the dish. 

For larger proportions of carbon dioxide an anaerobic jar may be used. 
Air is withdrawn by means of a filter pump and replaced by carbon dioxide 
from a Kipp’s apparatus or cylinder, as described above for hydrogen. 

A measured volume of carbon dioxide may be added to a culture in 
liquid or on solid medium in a bottle which is tightly sealed by a perforated 
metal screw-cap with an unperforated thick rubber liner, A swnge is filled 
through its nozzle to the desired volume with carbon dioride frm a ^finder 
or Kipp’s apparatus, a sterile hypodermic needle is applied, thfe is inserted 
into the bottle through the mbber liner and the gas is injected. 


BLOOD CULTURE 

In most bacterial infections of the blood in man the organisms are not 
numerous, and it is essential for their demonstration by blood culture that a 
relatively large amount of blood, e,g, S-10 ml., should be used ^ the inoculum. 
When such a quantity of blood is added to a wlture medium, its natural 
bactericidal or bacteriostatic action may readily interfere ^th^the wowth of 
any bacteria present and it is therefore essential that this effect should be 
annulled by diluting the blood vrith medium. Alternatively, the antibacterial 
effect may be prevented by some substance incorporated in the medium, e.f . 
trypsin. While it is not strictly necessary that the blood should remain 
unclotted in the medium, some workers prefer to add sodium citrate, am- 
monium^oxalate or other anticoagulant. 


Requisites 

(1) A 10-ml. all-glass” syringe (with a firmly fitting needle) sterilised 
in the hot air oven as described on p. 710 should be used. ^ 

If a syringe that wUl not withstand heating at 160® C. is used it must be 
sterilised by boiling in water for 15 min.; the syringe m^t not come into 
contact vrith any antiseptic; it should not be removed from the steruiwr 
until it is immediately required, and the part should be taken out of the 
steriliser and fitted together with the aid of forceps so that the n^die, nozzle 

and piston are not touched by the fingers. Extraneous b^nal contamina- 
tion of blood specimens is more frequent ivhcn the syringes m slenusea 
by boiling le.g. 10 per cent of specimens contaminated) than wron they are 
sterilised in the hot air oven {€,g» 1 per cent, contaminate). The 
are liable to be contaminated with non-sporing bacteria while being assemniw* 
after their removal from tte boiling water (p. 685). ^ 

(2) Gauze or cotton-wool, bandage, antiseptic [e.g. 2 per cent i^e ^ 

70 per cent alcohol or 5 per cent carbolic add in water)* methylated spmt 
coltodion, dissecting forceps, Bunsen bp . . 

(3) so mL,«erile digest broth Hsr%’s, p. 

or preferably the specisl blood cidturebot^ (0-2perce^ 

cib^ or 1*0 per cent aaHnoiuum oxalate may be mcotpofsteo 
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of the patient’s arm at the bend of the elbow is ihorm^ify sUfrilis$4 by first 
washing with soap and water, then applying spirit and finally treat^g with 
the iodine solution. Alternatively, the skin is rubbed with 5 per cent, carbolic 
acid solution and a gauae swab soaked in the solution is then applied to the 
skin over the vein ^d held in position for 2-3 mim Thorough disinfection 
is necessary to obviate contamination of the culture with akin organisms— 

staphylococci. Several turns of a bandage are applied rouind the upper 
arm about the middle of the biceps to render the veins turgid, or a piece of 
rubber tubiz^ firmly, but not too tightly, wound once round the arm and 
clipped with pressure forceps provides a convenient and easily reteas^ 
tourniquet for the purpose. The turgescence of the veins can be increased 
by the patient’s alternately opening and clenching the hand. The needle of 
the syringe is inserted into a prominent vein and 5-10 ml. of blood are drawn 
into the syringe. The tourniquet is then released. The needle is now with«- 
drawn from the vein and detached from the syringe by means of foiceps so 
that the nozzle is not touched by the fingers. The fia^ of broth is un- 
stoppered and the mouth of the flask flamed. The blood is added to the 
broth and the flask re-stoppered. The blood and broth are thoroughly mixed 
by rotation of the flask. These operations are all done at the bedside. A 
spirit lamp ^y be used for flaming. The flask is incubated at 37® C. 

The patient should raise the arm after blood has been withdrawn and 
firm pressure should be applied to the site of the puncture to obviate haema- 
toma formation. (Note — ^Carbolic acid is irritant on prolonged contact with 
skin; when it has been used to disinfect the skin, it should be removed by 
sponging with water as soon as the specimen has been taken.) 

The syringe and needle should be washed out at once with 2 per cent, lysol 
solution. The puncture wound may be dressed with gauze or cotton wool) 
and collodion. 

When the flask has to be transported some distance to the laboratory it 
is essential to stopper it with a rubber bung which has been sterilised by 
boiling, and inserted into the flask with fhmed forceps, but under these 
circumstances a blood culture bottle should be used (vide infra). 

Special Media for Blood Culture. — ^Xiquoid” (sodium polyanethol atd- 
phonate), 0*05 per cent., is of value in annulling the natural bactericidal action 
of blood. 

In patients on sulphonamide therapy, there may be enough szdphonamide 
in the blood to prevent the growth of bacteria when blood culture is per* 
formed. The addition of 5 mg. of /»-aminobenzoic acid per 100 ml, of broth 
will prevent the bacteriostatic action of the drug, Thep-aminobenzoic add is 
stable and withstands autodaving. 

If the patient is being ticated with penicillin when blood culture ia 
attempted, penicillinase should be incorporated in the medium, A 1*0 mU 
volume of the preparation, supplied by Wellcome Laboratories, Beckenbain» 
England, w^ inactivate 100,000 units of pemdUin, but propoittona^y more 
is reqmred for lower levels of penicillin, ror blood culture work, it is recomp 
mended that a suitable dilution containi^ 0*01 mL of this penicUHnase 
solution should be ^ded per 100 ml, of sterile broth, with aseptic mecautiQiifu 

The additkmof 0*2 per cent sodium dtrate and Q*1 per cait white s^poi^ 
(B.D.H,) to broth produces saponin broth in which bloofi does hot dot is 
promptly lys^ Sapomn broOi shodd be sterilbed by intenxdtten 
It is favoured by some workers for the isdation of Strtiptoe&ctMt 
^Uch may be sUghily sensitive to liquoid. 

Broth contdning 0*1-0*S per cent ^ucose is recommended for the k^lmm 
of pmaimocoed and streptooood foom the blood. Qhieose broth ptist tme 
3 e 
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part of filtered Liquor trvpdini Co. (Allen & Hanburys) to 10 parts of the 
medium also may be usea for the p 3 rogemc cocci. 

In suspected cases of enteric fever, a 5 ml. volume of the patient's blood 
may be added to 50 ml. of broth containing 0*5 per cent, of sodium tauro- 
cholate as a selective agent. 

To obtain the best general results, a range of media should be used. The 
routine inclusion of an anaerobic medium, such as cooked-meat broth, is 
recommended because anaerobes, e.g, certain streptococci and Cl. welckUt may 
otherwise be missed. Since this medium also serves for the growth of aerobes, 
it is an excellent general purpose medium for blood culture. 

Quantitative counts of bacteria in the blood are sometimes useful in differ- 
entiating between bacteriaemia and septicaemia or for pro^o^c purposes. 
A simple procedure is to inoculate 1*0 amounts of blood intaseveral tubes 
of melted agar and make pour plates either at the bedside or fipm unclotted 
blood in Liquoid in the laboratory. 

Special procedures or culture media for certain suspected infections, e.g. 
bruc^osis, leptospirosis, are described in the appropriate chapte 

Blood Cidture Bottle. — Instead of using a flask of broth wit^ a cotton- 
wool or rubber stopper, as described above, the following container is much 
more simple and convenient, especially when the patient is some distance 
from the laboratory. 

It consists of a 3 oz. round bottle or a 4 oz. (120 ml.) “medical flat’* bottle, 
with a screw cap, similar to that used for storing nutrient agar, etc., in 50 ml. 
amounts (p. 724). A hole is punched out of the cap and the rubber washer 
re-insertea. In order to protect the surface of the cap and the exposed 
portion of the rubber washer from contamination before use, thl^ cap and 
neck of the bottle arc covered with a “viskap”,^ such as is used for perfume 
bottles. This is a cellulose preparation which is slipped on moist and allowed 
to dry. In so doing the viskap shrinks, moulding itself tightly to the cap 
and neck of the bottle. 

The apparatus is fitted up as follows. The bottles are supplied in a carton 
already washed, cleaned and capped, so that no further preparation is re- 
quired. The rubber washer is removed, a punched out of the 

centre of the cap by means of a hollow punch, and the rubber washer re- 
inserted. The medium in the bottle is a matter of choice, and the following 
range is useful. The different types are recognised by the colour of the 
vis^p and the glass bead in the bottle: 

(1) plain broth (white cap and bead). To this can be added saponin 

0*1 per cent, or Liquoid 0*05 cent., if required; 

(2) broth4*0*l per cent, glucose (green cap and bead); 

(3) glucose broth as in (2) plus 5 mg. per cent, p-aminobenzoic acid (e.g. 

for pneumococci and streptococci)7 

(4) broth-|-0*5 per cent sodium taurocbolate (yellow cap and bead (for 

enteric fever)). 

The size of the viskap is No. 2 semi^aque cut If in. The top of the 
viskap is coloured with cellulose paint The bead is to identify the medium 
on its return to the laboratorv. If beads are not available a small dab of 
ocdoared paint is placed on the shoulder of the bottle. If lari^e numbers 
of bottles are used, coloured labels are preferable and they obviate the use 
of coloured beads or painted caps. 

^ Made by the Viscose DevdiopiiieiiK Co.» Ltd., Woldtumi Itoad, Bfeis^ XaSt 
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50 ml. of the medium is placed in ^e bottle, the appropriately oebund 
bead added, and the perforated cap vdth rubber washer firmly screwed oiL 
The bottle is now sterilised in the autoclave for 15 min. at 121*C. (15 lb. 
pressure). When the bottle is cool the viskap is at once slipped on. Viskaps 
dry in a few hours and mould themselves to the cap and nedi of the bottle. 
The broth can be stor^ without deterioration. 

For use, the bottle is taken to the bedside of the patient. Just before the 
vein is punctured the viskap is removed. Blood (5 ml) is now withdrawn 
from the vein, with the usual precautions, and immediately afterwards the 
needle is passed through Ae robber washer and Ae blood is expelled into 
Ae medium. The needle is wiAdrawn and Ae puncture in Ae washer seals 
itself. The bottle is shaken to noix blood and broth, and sent to Ae laboratory 
for incubation. It is advisable to mpe Ae exposed portion of the washer 
wiA a li^e antiseptic {e.g. alcohol), in order to remove any infective material 
at Ae site of Ae puncture. If more blood than 5 ml. is removed, further 
bottles are inoculated wiA successive 5 ml. amounts. 

When Ae culture is examined after incubation, Ae screw cap is removed 
in Ae ordinary way. 

It has been Aown that, particularly wiA blood cultures in flasks, incuba- 
tion in an atmosphere containing 5 per cent, carbon dioxide is an advantage. 

“Qot” Culture. — ^When blood samples from suspected enteric fever 
have been submitted for Ae Widal test (p. 907) it is useful as a routine to 
cultivate Ae clot after the serum has been removed. If blood is taken in Ae 
early stages of Ae disease Ae Widal reaction may be negative, but blood 
culture will probably be positive. Moreover, enteric organisms may be 
present in Ae blood stream at any time Aroughout Ae illness, and isolation 
of Ae causative organism is the most satisfactory form of Aagnosis. 

If it is known that Ae blood has been wiAdrawn with strict aseptic 
precautions, Ae clot may be placed in a wide tube (8x1 in.) half filled wiA 
broA, or in a wide-mouA screw-capped bottle (8-oz. pot) containing 80 ml. 
of broth. Where, however. Acre is any doubt as to Ae presence of con- 
taminating organisms, and this is always a poraibility when specimens of 
blood are sent to Ae laboratory from a dutance, the dot should be tnuisferred 
directly to a Abe of sterile ox bile. After incubation overnight Ae bile 
cultore is examined for enteric organisms in the usual maimer. 

A meAod of dot culture wiA streptokinase has been recommended 
(Watson, 1955). Take blood from the arm vdn in the usual vay and allow 
S ml, quantities to dot in sterile screw-capped Universal containers (p. 724). 
Remove Ae separated serum and add to each bottle 15 mL of 0*5 ^ ceat 
bile-salt broA containing 100 units per mL of streptokinase. The streMO- 
kinase causes rapid dot lysis wiA release of bacteria trapped in Ae dot The 
culAres are then incubated. 

ExnmifiMtlMQ of Blood Colture^After incubation for 18-24 hr., Stns 
are made from Ae blood broA mixture and stained 1^ Gram's mdhod. 
If organisms are noted, subinoculations are made on a plate of a suitable 
medium by successive strokes wiA a charged loop. The suhrohures are 
incubated and the organisms devetoping are identified as far as possible 
by Aeir microscopic characters and o^y qipearances, If furAer in- 
'^estigations are requited for accurate idtmtificafion, sin|^ colonies ate pfobed 
off on to stqres and dm resulting cultures ace studied. 

Where an infection wiA Ae enteric group ia auapected, it ia ocamtibuA 
^ phte dtrecdy from Ae btood odtuie on to MacOonh^s medima to obteia 
me chuacteristic cxdoaies on this medium. 

Even whm iw otgankUM cn be detected in filitte foam Ae pthunr b«^ 
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culture, it is advisable to make subinoculations. Scanty organisms may not be 
observed but these may develop colonies in subculture. 

If no result is obtained after 24 hours* incubation, the blood broth should 
be incubated continuously for at least four days, films and subinoculations 
being made eadi day. If brucellosis is suspected, cultures should be incubated 
for £ree weeks before being discarded as negative. 


THE AGAR BLOCK METHOD OF 0RSKOV FOR STUDYING 
THE MORPHOLOGY OF GROmSG BACIRRIAL 
CULTURES 

This method has been applied by 0rskov (1923) and cithers for the 
morphological study of Actinomyces and it allows the mainteimnce of living 
cultures under continuous observation. ' 

Cubes of suitable size are cut out of an agar plate by means ^f a sterilised 
knife. These cubes should not exceed 3-4 mm. in thicknessL They are 
transferred with the knife to a sterilised microscope slide. The^gar is now 
inoculated with the organism by a fine stroke. With first a low-power 
objective the stroke is defined and then with a higher power an area is found 
where the bacteria lie sufficiently scattered. With a suitable lamp and 
objective and closing down of the diaphragm young bacteria appear as 
strongly refractile and well-defined bodies. The area is then registered b> 
means of the vernier scales on the mechanical stage. The slide is removed 
and placed in a Petri dish with a piece of moist filter paper in the bottom, 
and the dish is incubated at a suitable temperature. The selected irea is then 
examined at intervals and the changing features observed. In this way the 
development of individual bacteria can be studied and also that of colonies 
at each stage. (A microscope incubator, heated electrically, by means of 
which a colony can be observed microscopically throughout its period of 
growth is also very convenient for these and similar studies.) 


DISPOSAL OF CULTURES 

Cultures to be discarded should be killed by heat or antiseptics before 
the container is cleaned for re-use. 

In the case of non-sporing organisms, it is sufficient to remove the cotton- 
wool plugs and immerse the tabes and plugs in a large basin of 3 per cent, 
lysol or cresol. ' * 

When screw-capped bottles are used the cap is completely unscrewed 
and both it and the bottle placed in the lysol solution. 

Petri dish cultures are also similarly immersed in lysol solution. 

Cultures of the tubercle bacillus and sparing organisms, such as CL teim, 
B. anthrads, etc*, must be sterilised by autoclof^* 


COLD STORAGE 

It is essential to have some form of cold storage in the laboratory for the 
preservation of blood, serum, culture media, cultures, vaccines, etc. 

Mechanical refrigeration is now univer^y used, and refrigerators are 
available in a large number of sizes from 1| cubic feet capacity to cold stor^ 
rooms of several thousand cubic feet For the smaller wmrstory one of 
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doittcstic refrigerators of 4-7 cubic feet capacity is suitable, while larger 
laboratories require a correspondingly larger instrument, or an insulated 
cold room wth the refrigerating plant outside. Mechanical refrigerators 
can be obtained to work with electricity, gas or oil, and most of them have 
provision for making small quantities of ice. The temperature should be 
maintained between 4®-5° C. (39®-^l® F.). It should never be so low as to 
cause freezing, as this may be detrimental to vaccines, bacterial suspensions, 
red cells and certain sera containing a preservative. 

It should be noted that with the domestic t 3 rpe of refrigerator an accumula- 
tion of ice, due to freezing of water vapour, surrounds the freezing unit, and 
at intervals (about 1^-14 days) it is necessary to “de-frost’* to remove this 
ice. The contents of the refrigerator are removed, the current (or gas) 
turned oS and the doors opened. The melted water from the ice is caught 
m a suitable receptacle. When the ice is melted the interior of the re- 
frigerator is wiped with a cloth, the contents replaced, and the refrigerating 
unit started again. 

It is convenient also to have a refrigerator working at low temperatures 
for the preservation of sera, viruses, etc., and one of the commercial type 
of “deep freeze” refrigerators working at —10® to -40® C. is suitable for 
this purpose. 


PRESERVATION OF CULTURES 

Bacterial species vary greatly in the ability of their cultures to remain alive 
after the completion of growth (e,g, after twenty-four hours at 37® C.). 
Some species such as Neisseria gonorrhoeae and Streptobacillus monilifamds 
are poorly viable and their cultures usually die out witWn a few dajrs, whether 
kept at 37® C., at room temperature or at 4®-“5® C.; thus, they must be 
subcultivated every two to four days for maintenance in the laboratory. 
Other species are much hardier, especially sporing species which may remain 
viable for many years. There are ^so many non-sporing species (s.g. entero- 
bacteriaceae) whose cultures, under suitable conditions, commonly remain 
viable for several months and often for as much as a few years. Their pro- 
longed preservation requires the following: (1) that drying of the culture is 
prevented by hermetic sealing of the tube or botde with a screw cap and 
new rubber liner, or with a cotton-wool plug soaked in paraf&n wax, (2) that 
the culture is stored in the dark, and either at room temperature or in a 
refrigerator at 4®~5® C., but not at 37® C., and (3) that the culture be grown 
on a suitable “preservation medium”, e.g. on a slope of coagulated ejgg 
medium, though nutrient agar stab cultures are also generally satisfactoiy. 
It is desirable that at least a moderate proportion of the cells in the cultmre 
should remain alive; if only a few survive, these may be exclusively reristant 
mutants, all cdla of tibc orimnal type being lost. Frequent subcuirivatiem 
also tends to replace the onginal by mutants and must therefore be 
avoided as far as possible. Spedfic recommendations for the short term 
preservation of bacterial cultures have been made by Stokes (1962). 

; ^Sg Medium fiur preaervatioii cultures 

£gg medium is recommended for the prolonged storage of culturm at 
room temperature (bdow 20® C). Oj^anismsofriieenterobactjm 
be kept aUve on this medium for several years vrithout suboiltivatkm; iim 
aumve longer than cm nutrient agar, and ate less liable to vary to the 
atate (p, 89 )^ oultuie is grown overnight at 37* C. and tike screw Cap 
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of tlw bottle is finnly listened before stormg in a dark cool cupboard. 
Survival is dependent on &e culture not being ulowed to dry out 


PRESERVATION OF CULTURES AND SERA 
BY FREEZE-DRYING IN VACUO 

When dried and kept in the dry state under suitable conditions, bacterial 
cultures and virus suspenuons may ronain viable for several years, and 
antisera may be presenwd without appreciable loss of antibody potency. 
If such materials are dried from the liquid state, a high salt concentration 
is produced in the later stages of di^ng, which causes denaturatlon of proteins, 
death of organisms and deterioration of serum. This is largely avoided by 
the “freeze-drying”, or “lyophile” method, in which the culmre or serum 
is dried rapidly in vacuo from the frozen state (see Harris, Vl954). The 
material is frozen by a suitable method (vide infra) and then ^ed by sub- 
limation of the ice. The sublimation is effected by exposure to an atmosphere 
of very low pressure (e.g. 0-01 mm. Hg or less) which is dried by a chemical 
desiccant or refrigerated condenser. The dried material is preserved m 
vacuo in hermetically sealed ampoules which are stored in the dark, either at 
room temperature or, preferably, in a refrigerator at 4®-5® C. This is a 
convenient means of preserving stock strains of bacteria, guinea-pig comple- 
ment serum and samples of antisera required for reference or standardisation 
purposes. On a larger scale, it is used for preserving therapeutic antisera, 
human plasma, antibiotics and vaccines. 

Freezing must be very rapid, vrith the temperature lowered tu well below 
0“ C. (e.g. to —20” C.), since slow freezing would prolong exposure to the 
denaturing influence of the suspending salt solution as it was concentrated to 
its eutectic level by the formation of pure ice crystals. The liquid should 
be frozen in a shaUow layer with a large surface available for evaporation 
Two methods of freezing are available: (1) prefreeuing, i.e. before the drying 
process is begun, and (2) evaporative freestmg, effected during the first stage 
of the drying process. 

Prefreezing is generally employed for large volumes. The liquid is 
firozen as a layer, or “shell”, lining the walls of the bottle, either by rotating 
the bottle while immersed nearly horizontally in a bath of ethyl alcohol and 
solid carbon dioxide, or of refrigerated coolant, or by spinning the bottle 
on its vertical axis in a current of refrigerated air. 

Evaporative freezing is conveniently employed for the smaller quantities 
that generally suffice for laboratory purposes. The liquid is quickly frozen 
by the withdrawal of latent heat during its initial rapid evajwration when 
exposed to the vacuum applied for drying. Precautions must be taken 
apiinst frothing and spilling during desohition of the atmospheric gases; 
the “oentrifugd” and “degassu^’ methods have been developed for this 
purpose. 

Greavea*a Ccntiifiigad Method of Freeze-Drying.— This^ is a most 
convenient method for preserving a number of cultures. Frothing^ is pr^ 
vented by centrifoging the liquid during the first stage of evacuarion and 
drying, until freezing is complete. A suitable centrifugal fre^‘dryet 
conrists of a glass beU-jar and metal chamber containing tw omtrift^ 
trays of deuccant for the prirzuOT drying, a manifcdd for the secondary 
a nttaiy oil-sealed ptunp cspabw of drawing a vacuum bdow 0*04 mm- ^ 

* Supplied by Edwards Hldli Voetnim Ltd., CxneAej, Bus se s , 
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and a Piram-^c pressure gauge. The Uquid cultures or suspcmons (see 
p. 809) are dried in special hard-glass tubes or ampoule witii a stem bore df 
6 mm. The procedure is as follows. 

(1) Place in each ampoule a small strip of filter paper on which has been 
typed the number designating the culture to be introduced* Plug the 
ampoules wth cotton-wool and sterilise in the autoclave. With a sterile 
capillary pipette, put 0*2S-0*S of Uquid culture into each small **ampoule” 
(tube t)q>e) and up to 2*5 ml. into each of the larger ampoules. Discard the 
origii^ steriUty plug and insert a fresh, loose plug of sterile cotton-wool, 
pressing it wholly within the stem of the ampoule. 

(2) Prepare the chamber for primary drying by charging the metal 
desiccant trays with fresh phosphorus pentoxide to the extent of at least 
3 grams (about 10 ml.) of powder per ml. of water to be absorbed. {Note^ 
Phosphorus pentoxide is corrosive and care must be taken to avoid spilling 
It on the skin, clothing or freeze-dryer. After each use of the dryer, the 
expended desiccant must be washed from the trays with an excess of water, 
taking care to avoid the corrosive fiimes evolved, and the trays are then 
thoroughly dried. The makers’ instructions must be foUowed for cleaning the 
apparatus and removing spilt powder, which may interfere with the working of 
the centrifuge motor.) 

(3) Prmary Place the ampoules in the nearly vertical holes of 

the constant speed centrifuge. Cover the centrifuge with the bell-jar and 
press this firmly into position on the sealing ring of the base plate. (The 
contact surfaces are previously cleaned with ether and Ughtly smeared with 
high-vacuum grease,') While pressing down the jar, switch on first the 
centrifuge and then the rotary pump. Observe the rapid fall of pressure on 
the Pirani gauge. When a low pressure of about 0*1 mm. Hg has been 
achieved in two to five minutes, it can be assumed that the materud is frozen 
as a thin layer on the outer wril of the ampoule. Immdiatdy switch off the 
centrifuge to avoid overheating* Leave the rotary pump running for a period 
sufficient to complete the primary drying: about three hours for 0*^ ml. 
volumes, six hours for 0*5 ml. volumes and eight hours for 2*5 ml. volumes. 
Then isolate the chamber, switch off the pump and leave the chamber 
evacuated until ready to remove the ampoules for the secondary drying. 
The ampoules must not be exposed to sunlight, nor, for more than a few 
hours, to weak daylicht; if necessary, cover the apparatus to shield the 
ampoules from the light 

(4) Open the chamber air-release valve, lift the bell-jar and remove the 

ampoules. Draw out the stem of the ampoule to form a thin capillary neck 
near the open end. First flame the opening and press the loose oottonpwodl 
fdug about in. (5*7 cm.) down the stem. While rotating ampoule, 
heat the stem in a smidi gas flame at about in. (3*2 cm.) from ita open end, 
until the glass walls have softened and nearly doubled in thidmess. Remove 
the ampoule from the flame and stietch it to form a capillaiy twA oi about 
2 nun. external and 1 mm. bore. When cool, iq)piy the <^>en end 

to one of the rubber adaptors on the manifold iised for the secondary drying; 
the manifold ta pl ac ed so that the ampoules lie horizontalty. Any adaptom 
not in use must oe sealed by iq)plication of an empty ampoule. 

(5) ^cmi 0 y Remove tiie e3q>ended desuxsnt from the tr^ 

and replace with fresh phosphorus pentoxide powder. Press the 

into pcmtion, doaft valve and swit^ on the tlltmp. Lewvethe 

t Bdvwis Vaeimm Ltd., supply Apiewm M ** gmSse for 

^ Sresssforgisii«maiiaaikdB^^ 



808 MEDICAL MICROBIOLOGY 

pump runmng for a sufficient period to ensure complete drying, 6-18 hr. 
Test the amp^es for vacuum tightness by briefly passing a mgh frequency 
vacuum tester near the surface of the glass; a satisfactory vacuum is inmcated 
by a blue* violet glow, fiuhire of vacuum by long streaky discharges or absence 
of glow, and cra^ in the glass by bright sparlong. The Pirani gauge should 
show that a pressure as low as 0*01 mm, Hg is reached. 

(6) Seal the ampoules while they are attached to the manifold with the 
pump running. Heat the capillary neck with a small gas flame; when ^e 
glass is melted, pull genriy and allow the flame to sever the thin filament so 
formed. When all the ampoules are sealed and set aside, open the air^release 
valve and switch oflF pump and Pirani gauge. After standing for half an 
hour, lay the ampoules on a metal surface and retest them for vacuum with 
the high-frequency tester; discard any not showing the blue-violet glow. 

Freeze-^Drying by the Degasiriiig Method using a ^bcuratory 
Desiccator a^ High^-Vacuum Pump, — By this method, sn^ll volumes 
of culture may be freeze-dried with simple apparatus. From y*25 ml. to 
2*5 ml. of liquid culture is pipetted into a sterile glass tube or ampoule (stem 
bore 6 mm.) which is then stoppered with a loose cotton-wool plug. The 
ampoule is placed in a glass dmccator jar over phosphorus pentoxide and 
is supported in a sloping position so that its contents form a thin layer on one 
side. The rim of the d^ccator jar is smeared with vacuum grease and the 
lid pressed firmly into position. A tap in the desiccator lid is connected with 
rubber pressure tubing through a chrying column of calcium chloride to a 
high-vacuum pump (e.g. Hyvac pump), all joints being sealed with vacuum 
grease (footnote, p. 807). The desiccator tap should be a three-way tap 
which will allow air to be admitted independently to the desiccator or the 
pump. 

Start the pump and exhaust the desiccator only until the liquid is seen 
to bubble slightly, and then maintain at this pressure for 20-30 min. until 
the gentle degassing is complete. To do this, close the desiccator tap, admit 
air to the pump and switch off pump. If bubbling of the culture is marked, 
admit a very little air into the desiccator jar. When degassing is complete, 
reconnect the jar to the pump and rapidly exhaust it to high vacuum; the 
liquid in the ampoule is seen to freeze suddenly within a minute or so. l^ave 
the pump running for about 1 hr., then close the tap, switch off the pump and 
leave for 18-24 hr. in the dark for drying to continue in the evacuated jar. 
Finally remove the ampoule from the desiccator, press the cotton-wool plug 
about 2\; in. down the stem, heat the stem in a small gas flame at about H in. 
from its open end and draw it there to form a capillary neck about 2 mm. 
diameter (see p. 807). Attach the mouth of the ampoule stem to the rubber 
tubing leading to the vacuum pump and evacuate the ampoule to high vacuum 
for about one minute. Seal the ampoule by melting and severing the capillary 
neck in a small flame. 

CeUopiiaa Mediod of FfOOM^Iryii^ (Rayner, 1943). — ^Moderate 
quantities of agglutinating sera and guinea-pig complement serum may be 
preserved by tms method. Disks of waterproof cellophan 2| in. in diameter 
are placed over upturned lids of about 2 in. diameter, e,g. the lids of 2-o2. 
waxed cardboard (sputum) cartons. The disks are sterilised individu^y 
Petri dfishes in the hot air oven and placed on the waxed cardboard lids by 
means of sterile forceps. The serum is pipetted in 1-5 ml. amounts on to 
the cellophan disks. These are stadred in a desiccator over phosphorus 
pentoxide, and this is exhausted by means of a Hyvac pump. The ^rum 
rafitdly freezes solid and dries in a short time, but is mt ovendght in 
dericcator. The dried serum is detached quite easily by crumpling 
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cellophan, and is then placed in sterile 6 x 4 in. test-tubes* These are heated 
above the middle md constricted to a capifiary neck about 2 tnrn , in diasxkeler. 
They are placed in the desiccator, which is again evacuated and left over- 
night. Finally, the tubes are connected individually to the Hyvac pump, 
evacuated to high vacuum and sealed by melting and severing the neck 
with a flame. 

Sisapending Media for Freeze-Drying ci Bacteria 

The survival of bacteria on freeze-drying is greatly influenced by the 
nature of the medium in which they are suspended. Nutrient broth con- 
taining 1 per cent, of peptone and meat extract is a satisfactory medium for 
the most resistant organisms, e.g. StrepL pyogenes and Staph, aureus, and 
the moderately resistant, e.g. enterobacteriaceae and brucellae. Broth 
cultures of these may be dried direedy. 

Special protective suspending media are necessary for the poorly resistant 
organisms such as Neisseria gonorrhoeae, Vibrio cholerae and Haemophilus 
influenzae. Organisms from a fresh culture are suspended to a high density 
{e.g. equivalent to Brown’s opacity standard No. 4, p. 871) in the sterile 
suspending medium just prior to freeze-drying. Various media have been 
advised, most of which contain sugar, peptone and a colloid {e.g. protein or 
dextran). Skimmed milk, containing lactose and protein, has been used 
with success. The most generally recommended at present is a serum 
broth containing 7*5 per cent, glucose; this is prepared as the following 
mixture: 

Nutrient broth with 30 per cent, glucose . . 1 volume 

Sterile inactivated serum {e.g. commercial sterile 
horse serum) 3 volumes 
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CHAPTER 49 

TESTS EMPLOYED IN BACTERIAL IDENTinCATION 

In this chapter a number of “biochemical” tests and a few miscellaneous 
tests, used generally in the identification of microorganisms, are 
described. Tests used specifically for the identification of a particular 
organism are described elMwhere in the appropriate section dealing with 
that organism. 

It should be realised that many of the tests described imthis chapter 
are not “all-or-none” tests; some distinguish between oremisms that 
differ in the rate with which they carry out a particular region. It is 
therefore important to use a method of test that is suitabW poised to 
differentiate the organisms under consideration. For many W the tests 
given here, a large number of variations have been developed in different 
laboratories. In these cases, it has been difficult to make a choice of a 
method and in some instances we have described more than one test for a 
given reaction. The results obtained with variations on a particular test 
may not be comparable and it is essential to bear this in mind. More- 
over, there may be considerable variation in the commercially available 
preparations of the reagents used. For example, the tryptophane con- 
tent of peptone varies considerably according to the mode of preparation 
and this markedly influences its value as a substrate in the indole test. 

Unfortunately many routinely used tests are not yet standardised, 
but a start has been made by various organisations. For example, the 
International Conunittee on Bacteriological Nomenclature have pub- 
lished recommended biochemical methods for the group differentiation 
of the Enter(Aactmaceae (Report, 1958) and much use has been made of 
these proposals in this chapter. 

DtagwKtic tables showing the biochemical reactions identifying many 
genera and species of pathogenic and saprophytic bacteria are given by 
Cowan and Steel (1961). 

Preparation of inoculum for teat media 

The validity of the identification of an unknown bacterial culture by 
its reactions in a range of biochemical trats depends absolutely on the 
use of a pure culture of the bacterium for inoculation of the test media 
Single, well-separated colonies grown on a primary di^ostic plate that 
has b^n inoculated with material containing a mixture of bacterial 
species, e.g. sputum or faeces, are usually but not always pure. A s^l 
proportion of the colonies are likely to be contaminated with a minor 
admixture of bacteria of another kind, e.g. an anaerobic or other exactii^ 
species that does not grow well under the conditions of culture in the 
primary plate. If such a colony is accidentally picked and tiie test media 
are inoculated either directly from it or from an immediate slope ot bro& 
sidKailture of it, the contaminating bacteria may grow out sdectively io 
smne of the media and give false remits. 
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It n recommended, tiierefore, that the chosen colony should firat be 
plated out on an unselective culture medium and that a well-isolated 
colony on the secondary plate should be used as the inoculum for the 
tests. This precaution is often omitted in medical diagnostic bacterio- 
logy, where speed in obtaining results is important. The results are 
then not fully reliable and if they are uneiqiected a fredily purified 
inoculum culture should be prepared and the tests be repeated. 

If a larger number of test media have to be inoculated than can con- 
veniently be done from a single colony, the colony should first be 
subcultured on an agar slope, or in a tube of broth, and this subculture 
should be used to inoculate the test media. The subculture can then be 
preserved for making confirmatory or other different tests on subsequent 
days. It is an unsound practice to use another, apparently similar colony 
on the primary plate to provide inocula for additional tests. 

Ckrntrols for tests 

The sterility of each batch of test medium should be confirmed by 
incubating one or two uninoculated tubes of the batch along with the 
inoculated tests. If the uninoculated tubes show evidence of bacterial 
growth, the tests and the remainder of that batch of medium should be 
discarded. 

Control tests are also made to confirm that the test media have been 
made up correctly and that they are used and observed under the proper 
conditions. One tube of each batch of test medium is inoculated with a 
stock culture of a bacterium known to give a positive reaction and 
another tube with a stock culture known to give a native reaction. 
These positive and negative controls are incubated and examined along 
with the tests. 


TESTS FOR CARBOHYDRATE METABOLISM 

Bacteria differ widely in their ability to metabolise carbohydrates and < 
to use them as a source of carbon and energy. Knowledge of the nmge 
of sugars that can be broken down and the nature of the attach (whethw 
by fermentation or oxidation) provides a very valuable aid to dUgnoais. 

Metabolism of a carbohydrate, particular^ anaerobic breakdown or 
fermentation, usually results in tbe production of adds. Gas is 
commonly produced. The most convenient method of demonstntiM 
such metabolism, tberefbre, is to test a culture for add producdoa, with 
or without gas production, in a medium in which a specific carboh^dnyte 
is provided as a potential substrate. There is a wide difference ki die 
products of breakdown dturing fermentation; these can also be tested for 
and thdr nature ascertained for diagnostic purposes. 

Carboivydrates may be altered when eiqpoaed to normal heal* 
Sterilisation temperatures. They may also be altered wben heated in tlte 
presence tff other iimiedtents of culture media, a.g'. ptmtcme, piuMfl^ 
and th^ are particuwly suscepdble to heat m an a&aline environaiieiit. 
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For these reasons, we recommend that the basal ingredients of sugar 
fermentation media should be heat-sterilised before ^e sugar is added. 
A solution of the sugar should then be sterilised and the requisite amount 
subsequently added to the sterile basal medium. 

If a sugar solution is to be sterilised by heat, the prior addition of one 
or two drops of phosphoric acid will ensme that the solution is not 
alkaline. In general, tyndallisation (intermittent steaming) is less likely 
to alter the sugar than autoclaving at 121° C., but the important point is 
to sterilise the sugar separately from the other ingredients. Sterilisation 
of sugar solutions by filtration is recommended. 


Method to Distiiiguish between Aerobic and Anaerobic 
Breakdown of Carbohydrates \ 

This method (Hugh & Leifson, 1953) depends upon the use of a 
solid tubed medium containing the carbohydrate together with a pH 
indicator. If acid is produced only at the surface of the medium, where 
conditions are aerobic, the attack on the sugar is oxidative. If acid is 
found throughout the tube, including the lower layers where conditions 
are anaerobic, the breakdown is fermentative. 

Medium 

Peptone 24) g. 

Sodium chloride, NaCl ^ 0 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 0-3 g. 

Bromothymol blue (1 per cent, aqueous solution) 3 ml. 

Agar . 3 g. 

Water . . 11. 

The pH is adjusted to 7*1 before adding the bromothymol blue and 
the medium is autoclaved at 121° C. for 15 min. The carbohydrate to be 
added is sterilised separately and added to give a final concentration of 
1 per cent. The medium is then tubed to a depth of about 4 cm. 

Method . — Duplicate tubes of solidified medium are inoculated by 
stabbing, one tu^ is promptly covered with a layer of sterile melted 
petroleum jelly (yellow soft petroleum) to a depth of 5-10 mm. and both 
are incubated for up to 30 days. Fermenting organisms [Ewterobac- 
tmaceae, Aeromonas, Vibrio) produce an acid reaction throughout the 
medium in the covered (anaerobic) as weU as the open (aerobic) tube. 
Oxidising organisms (e.g. Pseudomonas, MaUeomyces) produce an add 
reaction only in the open tube; this begins at the surface and gradually 
extends downwards, and may appear only after an alkaline reaction has 
been present for several days. Organisms that cannot break down the 
carbohydrate aerobically or anaerobically (e.g. Alcaligenes faecsdis) 
{Hoduce an alkidine reaction in the open tube and no change in the 
covemd tube. 

It should be noted that this medium may also be used for rectHrdiog 
gas production and motility. 
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SUGAR MEDIA TO TEST FOR CARBOHYDRA1E 
FERMENTATION 

Media for determining the ability of a particular organism to ferment 
a particular sugar contain the following components: 

(1) Suitable material to allow the growth of the organism und^ 
consideration. The nature of these materials depends upon the nutri- 
ttonal requirements of the organism. 

(2) The carbohydrate. A large variety of sugars are used, e.g. 

(a) Monosaccharides 

Pentoses — ^Arabinose, xylose, rhamnose. 

Hexoses — Glucose, fructose, mannose, sorbose, galac- 
tose. 

(b) Disaccharides — Sucrose, maltose, lactose, trehalose, cello- 

biose. 

(c) Trisaccharides — RafEnose. 

(d) Polysaccharides — Starch, inulin, dextrin, glycogen. 

(e) Sugar alcohols — Glycerol, erythritol, adonitol, mannitol, 

dulcitol, sorbitol, inositol. 

(f) G(yco«&f— Salicin, coniferin, aesculin. 

For some purposes, certain organic acids are used : — 

(g) D-tartrate, L-tartrate, M-tartrate, citrate, and mucic acid. 

(3) A suitable indicator that will change colour only as a result of the 
formation of acids during the fermentation of the sugar. A variety of 
indicators with a pK between pH 6 and 8 have been used. 

(4) A small inverted tube (Durham’s fermentation tube) is placed in 
each culture tube to detect gas. During the process of sterilisation the 
heat drives out the air from the inverted tubes which, when cool, should 
be completely filled with liquid and contain no air bubbles. 


Sugar Medium 1. Peptone vrater base 

Peptone . . 8* 

Sodium chloride, NaCl ... ’ ? 

Water ^ 

The medium is adjusted to pH 7-2-7-3 and a previously sterilised 
solution of the fermentable carbohydrate (p. 81 1) is added in propor- 
tion of 0-5 to 1‘0 per cent. An indicator is incorporated to itetert acia 
production. Various indicators are employed, including Andrades 
indicator, phenol red, bromothymol blue, and bromocresol purple. 


Indicators 

Andrade's mdicafor is made by adding I N NaOH to a 0*5 per ^ 
solution of acid fudistn until t^ colour just becomm yellow, ix >S 
'Med at a final con<»ntration of 1 p« m^t^ 

dark reddish pink if acid is proclu<id^ Andrsd© s tudicstor 
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rapidly when stored and should not be used unless the media can be 
utilised within a few months. 

Phenol red is made up in a 0*2 per cent solution prepared as 
described in the footnote on p. 846 except that the phenol red is ten 
times as strong. For use, 5 ml. of the 0*2 per cent solution is added to 
each 100 ml. of medium. This indicator does not fade on storage and 
may be incorporated in bottled media that may not be used for some 
time. Phenol red turns yellow if acid is produced. (Phenol red is yellow 
at pH 6*8 and purple>pink at pH 8*4.) 

BromotJ^mol blue is recommended as a useful indicator for sugar 
fermentation tests. It turns yellow in the presence of acid. It is best 
prepared and used as detailed in Sugar Medium 2. (Bromonhymol blue 
is yellow at pH 6*0 and blue at pH 7*6.) \ 

Bromocresot purple is used in the media at a final concentration of 
0*005 per cent. It turns yellow in the presence of acid. (Bromocresol 
purple is yellow at pH 5*2 and violet-purple at pH 6*8.) \ 

Preparation of sugar media 

Peptone water with an indicator is tubed in 5 ml. amounts, the 
Durham fermentation tubes inserted, and the test-tubes are stoppered 
with coloured cotton-wool. They are then sterilised in the autoclave at 
121° C. for 15 min. The sugars are made up separately in 10 per cent, 
solutions in distilled water, and are sterilised, preferably by filtration or 
in the steamer. The sterile sugars are kept conveniently in 10-oz. 
screw-neck bottles fitted with a siphon and hooded pipette. When 
required, 0*25 mi. of a 10 per cent, solution of sugar is added to each 
tube. 

Sugar media containing sugars that are only occasionally required 
may be distributed in 3 ml. amounts into small screw-capped bottles of 
i-oz. capacity with a 19 mm. Durham tube. By this means the medium 
can be stored and transported without risk of contamination or alteration 
in the concentration of the ingredients. As a result of shaking during 
transit, air may enter the Durham fermentation tube, but it is easily 
removed by inverting the botde, as the amount of fluid is such that the 
open end of the tube is below &e surface. When the bottle has been 
inoculated the cap should be loosely screwed on to allow access of air. 
In order to identify the various sugar media the caps are painted with 
cellulose paint (see p. 783). 

The various sugar media in tubes can be distin g uished by having the 
cotton-wool stoppers of different colours. It is better to employ wool 
dyed in bulk tvwxx than to colour white-wool stoppers wi^ wmous 
stains. 

Use sugar media 

Before inoailation, the tubes are inspected to confirm the absence of 
bubbles of gas from the Durham tubm. A tube of each medium h 
inoculated with a spedi of solid culture (e.g. from a single colony) or * 
dnm or loopfiil of a liquid culture or a suspenaion oi a schd culture in 
aaH^ llw hmculated tubes are incubated, generally aerobically St 



SUOAB MEDIA 815 

37° C.f for the required period, and the presence or absence of on arid 
colour change and gas formation in the Durham tube is noted. 

Fermentation reactions are commonly completed within a period erf 
incubation of 24 hr. and the identification of many organisms is based on 
the results recorded at this time. It should be noted, however, that some 
organisms that fail to ferment a given sugar in 24 hr., will give “late” 
fermentation of the sugar if incubation of the test medium is prolonged. 
Such fermmtation may take place after a period of incribation that 
varies, on different occasions of testing the same strain of organism, from 
as little as 2, to as much as 40 da 3 rs. Late fermentation appears generrily 
to be the result of a non-fermenting culture giving rise to a fermenting 
mutant. In cases where late, mutational fermentation may be significant 
for the identification of an orgasm, and in research investigations made 
in order to characterise organisms, the sugar tests should be incubated 
for 40 days and should be inspected daily; if fermentation occurs, the 
day on which it first appears is recorded. 

Sugar Medium 2. Broth base 


Meat extract 5 g. 

Peptone 10 g. 

Sodium chloride, NaCl 3 g. 

Disodium hydrogen phosphate, NagHPO^ • 2 g* 

Bromothymol blue indicator solution . . 12 ml. 

Distilled water 11. 

The indicator solution recommended is as follows: 

Bromoth 3 rmol blue 1 g. 

01 N NaOH 25 ml. 

Distilled water 475 ml. 


Dissolve the ingredients of the broth by steaming, adjust the pH to 
7<2-7’3, add the appropriate amount of indicator, and tube in 5-ml. 
volumes with inverted Durham tubes. Sterilise by autoclaving at 121° 
C. for 15 min. To the sterile medium is added 0*5 per cent, (rf the test 
carbohydrate in sterile aqueous solution, e.g. 0-25 iri. of a 10 per cent, 
sugar solution. 

Su^ Medium 3. Hiss’s serum water 

As cer tain pathogenic organisms — e.g. streptococcus, pneumococois 
-~wUi not grow well in ordinary sugar media, it is necessary for some 
fermentation tests to use a medium containing serum 

One part of serum is mixed with three parts of distilled watmr, and 
S ml. of a 0*2 per cent, solution of phenol r^ per 100 ml. of mednnn 
(p> 846) are added. The reaction of the medium is adjusted to pH 7*6 
before the indicator is added and prior to steriUsatimi. Smne samples 
*^f horse serum may give fallacious results and batches should he 
^^*ted before use. Sbee^mroEsenimissiiitrirfe. (SomewtrkeKaptofiir 
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to substitute 0*1 per cent, peptone water for the distilled water.) The 
various sugars are incorporated in the proportion of 1 per cent. This 
medium, if not add, does not coagulate on heating. It is best sterilised 
by filtration but it may be sterilised by intermittent steaming — ^20 min. 
each day on three successive days. Alternatively, the mixture of serum, 
distilled water and indicator is sterilised in the steamer, and the appro- 
priate amount of a sterile solution of the requisite sugar is added as 
described on p. 729. 

Fermentation is indicated by the production of add, which alters the 
indicator and causes coagulation of the medium. 

The Hiss’s serum water may be made up with indicator but without 
any carbohydrate added. The medium is distributed in 2*S ml. amounts 
in i-oz. bottles. The caps are tightly screwed on, and the whole batch is 
sterilised in the steamer for 20 min. on three consecutive dmrs. When a 
batch of any particular carbohydrate medium is required, we requisite 
amount of sterile 10 per cent, sugar is added from the si|>homfilter bottle 
described on p. 729. The caps are then painted with cellulose paint, to 
indicate the sugar used (p. 783). Alternatively, the rarer sugars in 10 per 
cent, aqueous solutions may be sterilised and stored in |-oz. screw- 
capped bottles fitted with a perforated cap and rubber washer similar to 
blood-culture bottles. When the sugar solution is required it is with- 
drawn from the bottle by perforating the rubber aseptically with the 
needle of a sterile syringe. 

Hiss’s Serum-Water Starch Medium . — This medium, which is used 
for differentiating the gravis type of C. diphtheriae, does not keep well as 
the starch undergoes gradual hydrolysis forming glucose which is fer- 
mented by all types of C. diphtheriae. It is essential, therefore, to make 
up the starch solution only when required and add it to the serum water 
medium immediately before use. A convenient method sufficient for 
about 24 small bottles (holding about 3 ml. of medium) is as follows. 
Weigh out 0-15 g. of soluble starch and place it in a sterile universal 
container. Add 5 ml. distilled water, screw on the cap and shake 
vigorously. Place the bottle in a pan of water, bring to the boil, and boil 
for about 5 min., shaking at intervals to ensure that aU the starch is in 
solution and the contents are homogeneous. When the starch solution 
is cool add 0-15 ml. with a sterile 1-ml. pipette, or five drops from a 
sterile capillary pipette, to each of the fermentation bottles. After the 
starch has been added, the medium should be used within a few weeks 

Sugar Medium 4. Fm nutritionally exactiiig orgaiiisiiis 

This medium is recommended for fermentation tests for organisms 
such as the meningococcus and gonococcus. 

Peptone 20 g. 

Sodium chloride 5 g. 

Distilled water 9(W ml* 

Diswlve by steaming for 30 min. Make just alkaline to phentJ- 
{dithaleio (pH 8*4) and steam for a further 30 min. Filter 
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a coarse filter paper and re-adjust the reaction to pH 7'6. Add 100 ml. 
digest broth of the same pH. Add 25 g. agar powder (*.e. 2-5 per cent.) 
and autoclave for 45 min. in “free steam” (100° C.), and thereafter IS 
min. at 110° C. Filter through paper pulp and bottle in 100-ml. 
amounts wth 2 ml. of 0’2 per cent, phenol red solution (made as 
described in the footnote on p. 846, except that the phenol red is ten 
times as strong) in each bottle. Sterilise by holding for 1 hr. in “fiee 
steam” (100° C.) followed by 5 min. at 110° C. 

For use, 100 ml. of the agar are melted, cooled to 55° C., and to this 
are added 5 ml. sterile guinea-pig or rabbit (not horse) serum, and 10 ml. 
of a 10 per cent, sterile solution of the required sugar. (This gives a 
concentration of about 5 per cent, serum and 1 per cent, sugar.) The 
mixture is immediately distributed into sterile tubes or J-oz. bottles, 
allowed to solidify in the sloped position and tested for sterility by 
incubation. 

The sugars generally used are glucose, lactose, sucrose and maltose. 
When the sugar is fermented by the organism and acid is formed, the 
colour of the medium changes from purple-pink to yellow. 


Sugar Medium 5. Litmus Milk 

This is used in testing for the fermentation of lactose and clotting of 
milk. 

Fresh milk is steamed for 20 min. and then allowed to stand for 24 hr. 
in order that the cream may separate. The milk is siphoned off and 
litmus is added in the proportion of 2'5 per cent, of an alcoholic solu- 
tion. The medium is distributed in 5 ml. amounts in screw-capped 
bottles or tubes and then sterilise by steaming for 20 min. on three 
successive days. If bulk-amounts {e.g. 250 ml.) are put up, it is 
advisable not to add the litmus solution until the milk is redistributed in 
smaller amounts, as the colour fades on storing. 

Litmus solution . — Litmus granules 80 g., 40 per cent, ethanol 300 mL 
Grind up the granules and place in a flask with 150 ml. of the ethanol and 
boil for one minute. Decant the fluid and add remainder of ethanol to 
the granules; then boil for one minute. Decant the fluid and add to the 
first quantity of the extract. Make up to 300 ml. with 40 per cent 
ethanol and add 1 N HCl drop by drop, shaking continuously till the 
fluid becomes purple. To test for correct reaction, take a tube of tap 
water and one of distilled water, boil both and add one drop of the 
I solution to each; the tap water should be blue and the distilled water 
j mauve. 

Sugar Medium 6. Methyl Red Test 

The methyl red test is employed to detect the production of suflSment 
acid during Ae fermentation of glucose and the maintenance of condi- 
tions such that the pH of an old culture is sustained below a value td 
about 4*5, as shown by a change in die colour of die methyl red mdiesMr 
which is added at the end (rf the period of incubation. 

3 F 
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Medium (“glucose phosphate peptone water") 

Peptone 5 g. 

Dipotassium hydrogen phosphate, K^HPO* 5 g. 

Water 1 I. 

Dissolve the materials, adjust the pH to 7'6, filter and stmlise at 
121“ C. for 15 min. Add glucose (sterilised separately by filtration) to a 
final concentration of 0*5 per cent, in tubes containing 5 ml. medium. 

Inoculate the fluid medium lightly from a young agar 
slope culture and incubate at 37“ C. for 48 hr. Add about five drops of 
the methyl red reagent (see below). Mix and read/ immediately. 
Positive tests are bright red and negative are yellow. If the results after 
48 hr. are equivocal, the test should be repeated with cultures that have 
been incubated for 5 days. For some organisms, incubation at 30“ C. 
for 5 days is preferable to incubation at 37“ C. for 2 or 5 pays. 

Methyl red indicator solution 

MeAyl red ... . 0-1 g. 

Ethanol .300 ml. 

Make up to a voliune of 500 ml. with distilled water. 


Voges-Froskauer Test 

Many bacteria ferment carbohydrates with Ae production of acetyl 
meAyl carbinol (CH* . CO . CHOH . CH3) or its reduction product 2, 3 
butylene glycol (CHg . CHOH . CHOH . CH3). The substances can be 
tested for by a colorimetric reaction between diacetyl (CHb . CO 
CO . CHs — ^formed during the test by oxidation of acetyl methyl carbinol 
or 2, 3 butylene glycol) and a guanidino group under alkaline conditions. 
This test is usually done in conjunction wiA Ae meAyl red test since Ac 
production of acetyl meAyl carbinol or butylene glycol usually results in 
insufiScient acid accumulating during fermentation to give a methyl red 
positive reaction. An organism of the enterobacterial group is usually 
either meAyl-red-positive and Voges-Proskauer-negative or meAyl red- 
negative and Voges-Proskauer-positive. 

Medium . — Glucose phosphate peptone water, as for the meAyl red 
test. 

Method 1 (O’Meara). — Incubate at 37“ or 30“ C. for 48 hr. only. 

Add 0*5 ml. of O’Meara reagent (40 g. potassium hydroxide and 
0*3 g. creatine in 100 ml. disAled water). Place tubes in a 37° waterbath 
for 4 hr. Aerate by shaking at intervals. A positive reaction is denoted 
by Ae development of an eosin-pink colour, usually in 2-5 min. 

(Barritt). — Incubate at 37“ or 30“ C. for 48 hr. Add 1 ml. of 
40 per cent potassium hydroxide and 3 ml. of a 5 per cent, solution of 
»-naphAol in absolute ethanol. A poutive reaction indicated by Ae 
development of a pink colour in 2-5 min., becoming crimson in 30 min- 
The tube can be shaken at intervals to ensure maximum aeration. 
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Sugar Medium 7. Eosin Methylene Blue Agar 

With strongly fermenting organisms, sugar fermentation reactions 
can be observed in cultures on plates of an agM medium containing a 
sugar and an indicator dye. Fermenting colonies or streaks of gro^^ 
become distinctively coloured and the method makes it possible to test 
several pure cultures on the same plate. If a mixture of fermenting and 
non-fermenting organisms is plated, the different kinds of colonies can 
be r^ogmsed and their relative numbers estimated. The followup 
modification of eosin methylene blue agar is recommended for use with 
sugars in a concentration of 0*5 per cent. 


Peptone (Oxoid L37) . 3*0 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 0*6 g. 

Eosin yellow 0*4 g. 

Methylene blue 0*065 g. 

Agar (New Zealand, Davis) 10-12 g. 

Water 1000 ml. 


Adjust to pH 6*8 and sterilise at 121° C. for 15 min. As the medium 
cools, add 50 ml. of a separately sterilised 10 per cent, solution of the 
sugar to be tested and immediately pour the plates (15-20 ml. per 3| in. 
plate). 

Inoculate the plate to give well-separated streaks or spots of growth, 
or else plate out to give well-separated colonies. Incubate at 37° C. and 
examine after 24 and 48 hr. Colonies of fermenting organisms are red to 
opaque black. Colonies of non-fermenting ones are pale yellow and 
nearly transparent. Full development of the dark red colour may 
require incubation for 48 hr. 


Sugar Medium 8. Desozycholate Agar 


This medium, which differs from Leifson’s DCA in not containing 
ferric ammonium citrate, is less inhibitory to Esek. coK. It gives better 
differentiation of the reactions of crowded colonies than eosin methylene 
blue agar. 


Peptone agar 

Peptone 

Sodium chloride . 

Sodium hydroxide (40 per cent, solution) 

Agar 

Water 


20 g. 

5g. 

5 ml. 

20 g. 

1000 ml. 


Melt at 100° C., filter through paper pulp to remove phosphates, 
adjust to pH 74 and sterilise at 121 ° C. for 15 min. 

Medium.— To 1000 ml. of melted peptone agar add in the following 
order:— 

Sodium desoxycholate (10 per cent, solution) . 2$mL 

Neutral red (1 per cent solution) . . . 2*7 ml. 
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Sugar (20 per cent, solution) ... 50 ml. 

Tris (hydroxymethyl) aminomethane (1 per cent, 
solution) . 50 mi. 

Mix and at once pour in plates (c. 25 ml. per 3| in. plate). 

Plates must be used soon after l^eir preparation. 

Note . — The solutions of neutral red, sugar and Tris are sterilised 
separately before use by autoclaving at 121* C. The desoxycholate 
solution is pasteurised by immersing the bottle in a waterbath at 60* C. 
for 1 hr. or by bringing momentarily to 100* C. On keeping, this 
solution tends to precipitate and it may have to be warmed to 60° C. to 
melt it before use. | 

For Esch. colt, dehydrocholic acid, which is less inhibitory to this 
organism, may be substituted for the desoxycholate. \ 

After incubation for 24 or 48 hr. at 37° C., colonies m fermenting 
organisms are bright red and opaque. Those of non-fermenting 
organisms are pale and transparent. \ 

Sugar Medium 9. Bitter Medium 

This medium (Bitter, Weigmann & Habs, 1926) distinguishes only 
the reactions of strongly fermenting organisms, i.e. those giving marked 
fermentation within 5-10 hr. at 37° C. in the conventional peptone water 
media (sugar media 1 and 2, above). The Bitter reaction with xylose is 
observed in the “fermentation typing” of organisms such as S. typhi- 
murium (e.g. ELallings and Laurel!, 1957). 

Medium 


Peptone 

0-05 g. 

Na2HP04 . 2 H 2 O 

0-5 g. 

(NH4)jS04 . 

1*0 g. 

Sodium citrate 

2-0 g. 

Sodium chloride . 

2-0 g. 

Water (distilled) 

1000 ml. 


Adjust to pH 7'1 and sterilise at 121° C. for 15 min. Before use, add 
50 ml. of a separately sterilised 10 per cent solution of the test sugar 
(e.g. xylose), giving a final concentration of 0*5 per cent. Tube to a 
depth of c. 6 cm. and steam at 100* C. for 30 min. 

Method . — Inoculate with a loopful of a suspension of 1-4x10* 
bacteria per ml. prepared in saline solution from a 24-hr. agar slope 
culture. Incubate at 37° C. for only 20-22 hr. and then test by adding a 
few drops of a 0*5 per cent, solution of methyl red in ethanol. A red 
colour is positive, orange is doubtful and yellow is negative. 

Organic Acid Fermentation Media 

Fermratation reactions with certain organic adds are used in the 
identification and fermentation typing of (Kauftoann, 

1954). 
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Bau Medium 

Pq>tone (e.^. Bacto-peptone, Difco) 10 e. 

O-lJVNaOH ..... 8‘5k 

Bromothymol blue (1 in 500 solution, p. 815) 12 ml. 

Distilled water 1000 ml. 

Complete Media 

Add to the base medium one of the following acids to the stated 
concentration: — 

D-tartrate, i.e. sodium potassium tartrate, dextro-rotatory, 1 per cent. 

L-tartrate, i.e. tartaric acid, laevo-rotatory, 0*5 per cent 

M-tartrate, i.e. tartaric acid, inactive, 0-5 per cent 

Citrate, ue. sodium citrate, neutral powder, 1 per cent. 

Mucate, i.e. mucic acid, 1 per cent. 

Adjust the complete mediwn to pH 74 by the addition of 5 iV NaOH, 
tube to a depth of c. 6 cm. and sterilise at 121° C. for 15 min. Take care 
to dissolve all the mucic acid before tubing. 

Method . — Inoculate with a loopful of a 20-hr. broth culture and 
incubate for 14 days at 37° C. Observe the colour of the tests daily. 
Positive reactions are generally shown by a shift from blue to green or 
yellow after 1 or 2 days, followed by reversion to blue. After 14 days, 
add to each tube of tartrate and citrate medium 0*5 ml. of a neutral 50 per 
cent, solution of lead acetate per 4 ml. medium; allow the tubes to stand 
undisturbed for a further 24 hr. at room temperature. A negative 
reaction is shown by the presence of a bulky precipitate occupying more 
than half the depth of the medium. A positive reaction is shown by a 
diminution in the volume of the precipitate so that, after settling, it 
occupies less than a quarter the depth of the medium. 

An uninoculated tube of each medium is incubated along with the 
inoculated tubes to serve as a control. Lead acetate is added to this tube 
at 14 days and the amount of precipitate formed serves to indicate the 
result of a negative reaction. 

Stem’s Glycerol Reaction 

This reaction is also used in the identification and fermentation 
typing of aaim nnnllite . It depends on the ability of the organism to 
convert glycerol into an aldehyde product that re-colourises fucluun> 
sulphite. 

Stem's (1916) Glycerol Fuchsm Broth 

Solution 1. — ^Meat extract (Lab-Lemco) . 10 g. 

Peptone 20g. 

Water 1000 ml. 

Adjust to pH 8*0. 

Solution 2. — Satumted alcoholic solution of basic fudisia (10 per 
cent). 
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Solution 3. — ^Fresh 10 per cent, aqueous solutitui of anhydroui 
sodium sulphite. 

Medium.-~Mix 1000 ml. of solution 1, 2 ml. of solution 2, 16’< 
ml. of solution 3 and 10 ml. of glycerol. Tube to t 
depth of c. 6 cm. and sterilise at 121° C. for 15 min 

Method . — Inoculate from a culture on agar and incubate at 37“ C. foi 
7 days. Examine daily for the development of a deep red colour anc 
note the day of its development. Usually the reaction is fully developec 
at 2 days. An uninoculated tube should be incubated as a control am 
this should remain uncoloured or become only faintly 


TESTS FOR PROTEINASES AND AMINo\aC1D 
BREAKDOWN 

Tests for proteolysis 

Gelatin Lique&ction 

Proteolytic organisms digest proteins and consequently may liquefy 
gelatin and coagulated serum. Cultures in meat media cause blackening 
of the meat, decomposing it and reducing it in volume with the forma- 
tion of foul-smelling products. Strongly proteolytic organisms will 
decompose gelatin, coagulated serum and cooked meat, whereas weakly 
proteolytic organisms may not attack the meat, and some not the 
coagulated serum. Thus, liquefaction of gelatin is a routinely used 
index of proteolytic activity useful in differentiating certain organisms, 
but a positive result may take many days to develop. 

For bacteriological use an edible grade of gelatin is preferred, since 
this is free from preservatives and inhibitory amounts of heavy metals. 
Gelatin wiU not by itself support the growth of many pathogens and it is 
added to a liquid nutrient medium to produce a firm gel sometimes called 
“nutrient gelatin”. The proportion of gelatin used varies, but 15 per 
cent, is a suitable average. 

It is important that the gelatin medium should not be exposed to a 
high temperature for longer than recommended, otherwise it may be 
partially hydrolysed and not solidify on cooling. 

Medium — ^Nutrient gelatin. 

Add 15 per cent, of gelatin to the required amount of nutrient broth 
(p. 740) and hold at 4“ C. overnight. 

Next day dissolve the gelatin at 45“ C., adjust to pH 8*4, and steam 
for 10 min. Cool quickly to 45“ C. and slowly add the beaten white of 
two eggs, or 10 g. egg albumin dissolved in 50 ml water, or 50 ml. of 
serum, per litre of medium; this helps to dear the medium of colloidal 
particles. Steam for 30 min., stirring occasionally. Filter through 
paper pulp or filter paper. The reaction should be approximaldy pH 
7-6, but ^y require a little adjustment Bottle in 12 ml. amounts. 

Sterilise by holding in the autoclave in fr«s steam (100° C.) for 10 min. 
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followed by 1 15“ C. for 10 min. Remove from tie autoclsve as qusddy 
as possible and keep at a low temperature. 

The resulting mediinn is perfectly transparent when solid, and 
should be of firm consistency, yet not so stifiF that it is split by the wire 
when inoculated. 

Method . — stab culture of the organism to be tested is made using 
an inoculum from an agar slope culture. Pathogenic bacteria are 
usually grown at 37“ C. and negative tests may be observed for as long as 
30 days. Gelatin at the concentration used melts at about 24“ C. and is 
therefore fluid at 37“ C. Liquefaction is tested for at intervals by 
removing the nutrient gelatin cultures from the incubator and holding 
them at 4“ C. for 30 min. before reading the results. 

Miscellaneous Tests for Proteolysis 

A combined test for hydrogen sulphide production and gelatin lique- 
faction is described on p. 825. 

If proteols^c organisms are grown on a buffered nutrient agar 
medium containing 0-4 per cent, of gelatin, 1-5 per cent, of agar, and 
0*005 per cent, of glucose, zones of altered gelatin around the colonies 
can be demonstrated by flooding the medium vrith a 1 per cent, solution 
of tannic add (zones become more opaque than the surroimding 
medium) or an add solution of mercuric chloride (zones are rendered 
less opaque than the surrounding medium) — see Barer (1946). 

A glucose-gelatin medium containing 12 per cent, of gelatin with 1 
per cent, of glucose, and phenol red as an indicator of acid production, 
has been recommended by Willis & Hobbs (1959) who have also incor- 
porated milk in a complex medium; proteolytic organisms show zones of 
clearing as a result of decomposition of milk protein in solid media 
containing milk. Certain organisms produdng dotting of litmus-milk 
medium may proceed to decompose the clotted milk by proteolytic 
activity. 


Li<]uefaction of Charcoal Gelatin Disks 

The method of Kohn (1953) employing sterile disks or cubes of 
formaldehyde-denatured gelatin containing finely powdered charcoal is a 
very rapid and convenient test for proteol 3 rsi 8 . 

• The sterile disk is picked from its bottle with a hot inoculating wire, 
to which it adheres, and is transferred into a newly inoculated or 
already grown culture in liquid medium. The culture is incubated with 
the disk for up to a week at 37“ C. (The denatured gelatin does not melt 
at this temperature.) Liquefaction of the gelatin is ^own by the 
settling of free carbon partides to the bottom of the medium and, later, 
l>y the complete disint^ration of the disk. 

If the disks are added to a culture that is already fully grown or tn a 
dense suspension in peptone water of a youi^ cult^ gto^ on 
liquofaction may be observed after only a few hours’ incubation at 37 C. 

Lautrop (1956) has described a modification of the test fior tiiq 
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demonstration of a special, calcium-dependent gelatinase present in 
certain organisms (e.g. Salmonella abortm-bovii, S. sehleissheim and 
S. texas). Organisms grown at 22° C. on agar are suspended to high 
density in 3-4 ml. saline containing 0*01 M CaC4> a gelatin-charcoal disk 
is added and the test is incubated at 37° C. for up to 3 days. 


Amino Acid Decarbozylaae Testa 

This test (see Meller, 1955) is based on the ability of some bacteria to 
decarboxylate an amino acid to the corresponding amine with the libera- 
tion of carbon dioxide. The production of these dec^boxylases is 
induced by a low pH and, as a result of their action, tl^e pH rises to 
neutrality or above. 

Meditan 


Peptone .... 

•\ 5g. 

Meat extract 

A 5g. 

Glucose ....... 

. 0-5 g. 

Pyridoxal 

. 5 mg. 

Bromocresol purple (1 in 500 solution) . 

5 ml. 

Cresol red (1 in 500 solution) 

. 2-5 ml. 

Distilled water .... 

. 1 1 . 


Dissolve the solids in water and adjust the pH to 6-0 before the 
addition of the indicators. This is the basal medium and to it is added 
the amino add whose decarboxylation is to be tested. Divide the basal 
medium into four portions and treat as follows: 

(1) Add 1 per cent. L-lysine* hydrochloride. 

(2) Add 1 per cent. L-ornithin^ hydrochloride. 

(3) Add 1 per cent. L-arginine^ hydrochloride. 

(4) No additions (control). 

Readjust the pH to 6-0 if nece^ary. Distribute 1 ml. quantities in 

small tubes containing sterile liquid paraffin to provide a layer about 

5 mm. thick above the medium. Autoclave at 121° C. for 15 min. 

> 

Method . — Inoculate lightly through the paraffin layer with a straight 
wire. Incubate and read daily for fom days. 

The media first becomes yellow-due to acid production during 
glucose fermentation; later, if decarboxylation occurs, the medium 
becomes violet. The control should remain yellow. 


HydtogeA Sulphide Froductioa Teat 

Some organisms decompose sulphur-containing amino adds to form 
hydrogen sulphide among the products. The hydrogen sulphide is 
usuaUy tested for by demonstratii^ its ability to form a black insoluble 
ferrous salt. 


* If the DL omtipcMMiits ut used, add 2 per cent of tfae eauno add. 
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Medium 
Meat extract 


Peptone 

Sodium chloride, NaCl 
Gelatin 

Distilled water 


7-5 
25 
5g 

120 g, 


1 1 . 


Adjust the pH to 7-6, steam and filter. Sterilise in the autoclave for 
10 min. in free steam and then at 1 15° C. for 10 min. Remove from the 
autoclave as quickly as possible and cool to about 55° C. Add 5 ml. of a 
freshly prepared 10 per cent, solution of ferrous chloride sterilised by 
filtration. Tube the medium in narrow tubes and seal with corlra 
impregnated with paraffin wax. 


Method . — Inoculate with a straight wire (J in. deep) and incubate at 
20° C. for at least 7 days. Inspect daily for blackening due to the 
production of HjS. 

This medium contains gelatin and may therefore also be used to test 
for gelatin liquefaction (see p. 822). 

It should be noted that hydrogen sulphide can be produced by a very 
large number of bacteria, at least in small amounts. Therefore the test 
must be poised at a certain definite level of sensitivity such as that 
described above for use in group differentiation within the Entero- 
bacteriaceae. Methods have been developed using lead acetate strips 
suspended over peptone water cultures; these may be of value in intra- 
group differentiation, but it must be realised that such methods have a 
different sensitivity from that described above, and therefore give 
different results. 


Phenylalanine Deaminase Test 

This test indicates the abih'ty of an organism to deaminate phenyla- 
lanine with the production of phenylpyruvic acid which will react with 
ferric salts to give a green colour. 

Medium 

Yeast Extract 3 g. 

DL-phenylalanine .... 2 g. 

(or L-phmylalanine .... 1 g.) 

Disodium hydrogen phosphate, Na 2 HP 04 1 g. 

Sodium chloride, NaCl ... 5 g. 

A^ 12 g. 

Distilled water 11* 

Adjust the pH to 74, sterilise by autoclaving at 121° C. for 15 min- 
and pour into tubes as long slopes. 

Afertod.— Inoculate with a fairly heavy inoculum. Incubate for 4 hr. 
or, if desired, for up to 24 hr. at 37° C. Allow a few drop of a 10 per 
cent, solution of ferric chloride to run down over the growth on Ae almt. 
If tho t^t is positivCf a green colour will develop in the q^nereeis fluid 
and in the slant. 
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Indole Tert 

This test demox»trates the ability of certain bacteria to decompose 
the amino acid tryptophane to indole which accumulates in the medium. 
Indole is then tested for by a colourimetric reaction with p-dimethyl 
aminobenzaldehyde. 

Medium for grmth 

Peptone (brand containing sufficient tryptophane) 20 g. 

Sodium chloride, NaCl 5 g. 

Distilled water | . 1 L 

Adjust the pH to 7-4. Sterilise by autoclaving at 121r C. for 15 min. 

Method . — Inoculate medium and incubate for 48lhr. at 37® C. 
Sometimes a period of 96 hr. at 37° C. may be requireo for optimum 
accumulation of indole. Add 0*5 ml. Kovac’s reagent an<^ shake gently. 
A red colour indicates a positive reaction. 


Kovac’s Reagent 
Amyl or isoamyl alcohol 
p-Dimethyl-aminobenzaldehyde 
Cone, hydrochloric acid, HCl 


150 ml. 

10 g. 

50 ml. 


Dissolve the aldehyde in the alcohol and slowly ajdd the acid. 
Prepare in small quantities and store in the refrigerator. Shake gently 
before use. 


MISCELLANEOUS TESTS 
Urease Test 

Bacteria, particularly 'those growing naturally in an environment 
exposed to urine, may decompose urea by means of the enzyme urease 

NHjs . CO . NHj+HjO — ►2NH3+CO, 

The occurrence of this enz 3 rme can be tested for by growing the 
organism in the presence of urea and testing for alkali (NH,) production 
by means of a suitable pH indicator. An alternative method is to test for 
the production of ammonia from urea by means of Nessler’s reagent 

Medtiun 1 (Christensen’s medium) 

Peptone 1 g. 

Sodium ddoride, NaCl ... 5 g. 

Dipotassium hydrogen phosphate, K 8 HPO 4 2 g. 

Phenol red (1 in 500 aqueous solution) . 6 ml. 

Agar 20 g. 

Distilled water It 

The pH is adjusted to 6*8-6*9 and the basal medium is sterilised by 
autodaving at 121 ° C. for 15 min. When it has cooled to about lJ 0 °, • 
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sterile solution of glucose is added to give a final concentradon of 0*1 pw 
cent., and 100 ml. of a 20 per cent, soludon of urea previously sterilised 
by filtradon is added. The medium is tubed as deep slopes. It may, 
however, be used in fluid form without agar. 

Method 1 

Inoculate heavily over the endre slope surface and incubate at 37® C. 
Examine after 4 hr. and after overnight incubadon, no tube being 
ascribed negadve until after 4 days’ incubadon. Urease-posidve cultures 
produce a purple-pink colour due to a change in the colour of the 
indicator. 

Medium 2 (Elek’s test) 

Prepare a substrate soludon of pH 7-2 containing 2 per cent, urea as 
follows: Add 35 ml. of 0-2 N NaOH and 4 g. urea to 50 ml. of 0*2 M 
KH 2 PO 4 , and make up the volume to 200 ml. with ammonia-free distilled 
water. Sterilisadon of this substrate is not necessary, and it can be 
stored in a stoppered bottle (with the stopper smeared with petroleum 
jelly) in the refrigerator. Freshly prepared substrate should be checked 
with a known urea-splitdng organism, and for the test a negative control 
and an uninoculated blank must be included. The glassware must be 
scrupulously clean but not necessarily sterile. 

Method 2 

Emulsify sufficient of a 24-hour culture of the organism to be tested, 
in 0-5 ml. of the substrate in a 3 x | in. tube. The fluid should be 
distincdy opalescent. Place the tube in a water-bath at 37® C. for 
3 hr. Remove the tube and add 0*1 ml. of Nessler’s reagent, and a 
similar amount to the negadve control and blank tubes. Read the 
result 3 min. after adding the Nessler’s reagent. Both negadve and 
control tubes must be absolutely colourless. A positive reaction is 
shown by a colour ranging from a pale but distinct yellow to a dark- 
brown precipitate. The time of incubadon is important and should be 
stricdy adhered to. 

When isolated colonies are to be examined, the volume of substrate is 
reduced to 0*3 ml. and only one drop d Nessler’s reagent used. Read- 
ings are taken 4-5 min. after nesslerisation. 

I 

Catalase Test 

This demonstrates the presence of catal^, an enzyme that catalyaeA 
the release of oxygen from hydrogen peroxide. 

One ml. of hy<fr(^en peroxide solution, HjOj (10 yoL), is poured ov» 
a 24— hr. nutrient agar slope culture of the test organism and the tube is 
held in a alaitting position. 

Altemsdrely, a small amount of the culture to be i»ted is |ddtod 
from a natrieat agar skme, usk^ a dean sterile platinum loop of a 
thin rod (a sealed axillary tube may be used for this purpose), sad 
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this is inserted into hydrogen peroxide solution held in a small dean 
tube. Enough materid may be picked from a single colony to give a 
reaction by this method. 

The production of gas bubbles from the surface of the solid culture 
material indicates a positive reaction. It occurs almost immediately. 


Oxidase Test 

This test depends on the presence in bacteria of certain oxidases 
that will catalyse the transport of electrons between electron donors in 
the bacteria and a redox dye — tetramethyl-p-phenylcneidiamine. The 
dye is reduced to a deep purple colour. \ 

The test is used for screening spedes of iVeurma, Akaligenes, 
Aeromonas, Vibrio and Pseudomonas, which give positive reactions (see 
Steel, 1961) and for the exclusion of the Enterobacteriacsae, all species 
of which give negative reactions. \ 

Plate method . — Cultures are made on a suitable solid growth medium. 
A freshly prepared 1 per cent, solution of tetramethyl-p-phenylene- 
diamine dihy^ochloride is poured on to the plate so as to cover the 
surface, and is then decanted. The colonies of oxidase-positive organ- 
isms rapidly develop a purple colour. If subcultures are required from 
the colonies, they should be made immediately; after 5 min. exposure 
to the reagent it may not be possible to subculture them. 

Dry filter paper method . — Since the oxidase reagent is unstable and has 
to be freshly prepared for use, the following method is convenient. Strips 
of Whatman’s No. 1 filter paper are soaked in a freshly prepared 1 per 
cent, solution of tetramethyl-p-phenylene-diamine dihydrochloride. 
After draining for about 30 sec. ^e strips are freeze-dried and stored in a 
dark bottle tightly sealed with a screw cap. The papers have a light 
purple tint and will keep for several months in an airtight container at 
room temperature. For use, a strip is removed, laid in a Petri dish and 
moistened with distilled water, '^e colony to be tested is picked up 
with a platinum loop and smeared over the moist area. A positive 
reaction is indicated by an intense deep-purple hue, appearing within 
5-10 sec., a ’’delayed positive” reaction by colouration in 10-60 sec., and 
a negative reaction by absence of colomation or by colouration later than 
60 sec. 

Wet fiber paper method. — A. strip of filter paper is soaked with a little 
freshly made 1 per cent, solution of the reagent and then at once used 
by rubbing a speck of culture on it with a platinum loop. The result 
is read as for ^ dry filter paper method. 

Note that the reagent must be freshly made and the bacterial growth 
must be transferred to the test paper with a dean platmum loop or a 
dean glass rod, dnce traces of iron will catalyse the reaction and give 
firise positive results. If the colony is small it may be necessary m pidc 
up material from several similar ^lonies m order to have suflkieot to 
five a strong reaction. When testing colonies from MacCoidcey’s 
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medium, a pink-violet colour is due to carry-over from the media and is 
not a true oxidase reaction ; the true reaction gives an intense purple hue. 
Dimethyl-j^-phenylene-diamine oxalate, 1 per cent., may be used in 
place of the tetra-methyl-p-phenylene-diamine dihydrocldoride in this 
paper-strip test. 


Carbohydrate Utilisation Teats 

Bacteria that are capable of growing on a simple, chemically defined 
medium (i.e. prototrophic bacteria), can readily be tested for their ability 
to use a given compound as their sole source of carbon and energy. A 
defined medium such as that of Davis and Mingioli (p. 739) is prepared 
with the test compound substituted for the normal carbon and energy 
source {i.e. glucose and citrate in Davis and MingioU’s medium). The 
medium is usually made with agar and poured in plates. The organism 
is inoculated lightly in a streak or by plating out. After a suitable period 
of incubation the plate is examined and the appearance of bacterial 
growth indicates that the bacterium has been able to utilise the test 
compound. 

Growth is often slower on a defined medium than on Ae ordinary 
peptone-containing media and observations should be continued for up 
to 7 days during incubation at 37° C. Usually growth is well-developed 
at 2 days. 

The inoculum for these tests should not be heavy and should not be 
made from a broth culture in case so large an amount of nutritive organic 
matter is carried over with the inoculum into the test medium as to 
support a visible amount of growth. Preferably the bacterium is first 
grown for 1 8-24 hr. on an agar slope. A small amount of this growth is 
suspended in sterile saline solution to give a suspeiwion of about 1-5x10* 
bacteria per ml. and a small loopful of the suspension is used to inoculate 

the defined medium. ... 

Bacteria that fail to grow on the simple defined medium when 
glucose and citrate are present as sources of carbon and energy gener^y 
do so because they require as additional nutrients one or more specific 
amino adds or vitamins; they are described as auxotrophic. Growjh 
tests made on further defined media supplemented with ^single amino 
adds or vitamins, or different combinations of these, will enable the 
particular nutritional requirements of an auxotroph to be determmed. 


Citrate UtUiaation Test 

This is a test for the ability of an organism to utiliM dtrate as the sole 
carbon and energy source for growth and an arnmonium salt as me sote 
source of nitrogen. Koser’s Uquid dtrate medium or Simmons atrate 
agar may be used. 


Koser*s Medium (modified) 

Sodium chloride, NaCl 
Magnesium wilphate, MgS 04 ‘ 
Ammonium dihydrogen phosphate, NH 4 nsi:HJ 4 


SOg. 
0*2 «. 
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Potassium dihydrogen phosphate, KH 2 PO 4 
Sodium citrate, Na 3 CgH 507 . 2 H 2 O 
Distilled water 


10 g. 

5-0 g. 
11 . 


The pH should be 6 < 8 . The medium is sterilised by autoclaving at 
121° C. for 15 min. 

Simmons' Medium 

Simmons’ citrate medium is a modification of Koser’s medium with 
agar and an indicator added. To each litre of Koser’s medium is added 
20 g. washed agar and 40 ml. of a 1 in 500 aqueous solution of bromo- 
thymol blue (see p. 815). 

The medium is sterilised by autoclaving and is poiired as slopes. 

Method . — Inoculate from a saline suspension of th^ organism to be 
tested. Incubate for 96 hr. at 37° C. 

The results are read as follows: 

(1) Koser’s citrate medium: 

Positive = Turbidity, i.e. growth. 

Negative = No turbidity. 

A positive test should be subcultured into a second tube to 
eliminate false positives due to an excessive initial inoculum. 

(2) Simmons’ citrate medium: 

Positive = Blue colour and streak of growth. 

Negative* Original green colour and no growth. 


Nitrate Reduction Teat 

This is a test for the presence of the enzyme nitrate reductase which 
causes the reduction of nitrate, in the presence of a suitable electron 
donor, to nitrite which can be tested for by an appropriate colourimetric 
reagent. Almost all enterobacteriaceae reduce nitrate. 

Medium 

Potassium nitrate, KNO, (nitrite-free) 0-2 g. 

Peptone . 5-0 g. 

Distilled water ... ... 1 1 . 

Tube in 5 ml. amounts and autoclave at 121° C. for 15 min. 

Method . — Inoculate and incubate for 96 hr. 

Test ree^ent 

Solution A. Dissolve 8-0 g. of sulphanilic add in 1 1 . of 5 iV 
acetic acid. 

Solution B. Dissolve 5-0 g. of a-naphthylamine in 1 1 . of 5 A 
acetic add. 

Immediately before use, mix equal volumes of solutions A and B 
to give the test reagent 

Add OT ml. of the test rei^ent to the test culture. A red colour 

‘Clooing within a few min. indicates the presence of nitrite xsd 
the abuity of the organism to reduce nitrate. 
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Gluconate Test 

This is a test for the ability of an organism to oxidise gluconates to 
the 2 keto-gluconate which subsequently accumulates in the medium 
(see Shaw & Clarke, 1955 ; Carpenter, 1961). The basis of the test is the 
change from gluconate, a non-reducing compound when tested with a 
suitable reagent, to 2 keto-gluconate, which is a reducing compound 
when so tested. 


Medium 

Peptone 1-5 g. 

Yeastrel (Yeast extract) ... 1-0 g. 

Dipotassium hydrogen phosphate, KjHPO^ 1*0 g. 

Potassium gluconate .... 40*0 g. 

Distilled water 11 . 


The pH, after solution, should be 7-0. Distribute in 10 ml. quan- 
tities in screw-capped bottles and autoclave at 121° C. for 15 min. 

Method . — ^Add 1 ml. of the medium aseptically into a clean, sterile 
tube. Inoculate and incubate at 37° C. for 48 hr. Then add 1 ml. of 
Benedict’s reagent for reducing sugars or one “Clinitest reagent” tablet 
(Ames Co., Nuffield House, London, W.l). Place the tube in a boiling 
water bath for 10 min. Observe for the production of a coloured 
precipitate of cuprous oxide. 

Positive result == green to orange precipitate. 

Negative results the blue coloiur of the reagent is unchanged. 


Malonate Utilisaticm Test 

This tests the ability of an organism to utilise sodium malonate. 


Medium 

Yeast extract 1 8 * ’ 

Ammonium sulphate, (NH 4 ) 2 S 04 . • 2 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 0-6 g. 

Potassium dihydrogen phosphate, KH 2 PO 4 04 g. 

Sodium chloride, NaCl 2-0 g. 

Sodium malonate 3-0 g. 

Bromothymol blue 0'02S g. 

Distilled water 11* 


Adjust the pH to 74 if necessary. Sterilise by autociavii^ at 121° C. 
for 15 min. 

Inoculate from a young agar slope culture and incubate at 
37° C. for 48 hr. Positive results are indicat^ by a change in colow of 
die indicator from green to blue due to the rise in pH conseqit^t upon 
fhe udlisatkm of soffium malonate. 
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Combined M^cmate UtUisatioa midi PliemrlalanbM 
Deaminase Teat 

This combines the two tests steady described (see Shew & Ckrke 
1955). 

Medium 

Ammonium sulphate, (NH 4 ) 2 S 04 . . 2*0 g. 

Dipotassium hydrogen phosphate, K 2 HPO 4 0-6 g. 

Potassium dihydrogen phosphate, KH 2 PO 4 0-4 g, 

Sodium chloride, NaCl 2-0 g. 


Sodium malonate 3*0 g. 

DL-phenylalanine 2*0 g. 

Yeast Extract 1*0 g. 

Distilled water ... 1 L 


Steam for 5 min. and filter through paper. Add 5 ml of a 0 5 per 
cent, solution of bromothymol blue in absolute ethanol. Distribute in 
10 ml. quantities and autoclave at 121° C. for IS min. 

Method , — Distribute aseptically in 1 ml. volumes in small sterile 
tubes. Inoculate, incubate overnight, and read results as follows: 

(1) Malonate utilisation test. 

Observe colour of medium. 

Blue = positive. 

Green = negative. 

( 2 ) Phenylalanine deaminase test. 

Having recorded the result of the malonate test, acidify with a 
few drops of 0.1 AT HCl until the colour of the medium becomes 
yellow. Add a few drops of a 10 per cent, aqueous solution of 
ferric chloride, shake and observe colour. 

Dark green = positive. 

Yellow-buff « negative. 

Potassium Cyanide Test 

This tests the ability of an organism to grow in the presence of 
cyanide. 


Medium (Moller) 

Peptone 3 g. 

Sodium chloride, NaCl .... S g. 

Potassium dihydrogen phosphate, KH 2 PO 4 . 0*23 g* 

Disodiiun hydrogen phosphate, Na 2 HP 04 . ZH^O 5*64 g. 

DistiUed water 1 1 . 


Adjust to pH 7*6 if necessary. Stmlise by autoclaving at 121° C. for 
15 min. and then refrigerate until totally chilled To Ae cold medium 
add 15 ^ of a 0*5 per cent, solution of potassium cyanide, KCN ( 0 ‘S g* 
KCN dissolved in 100 ml. of sterile disriUed water). Distribute in 1 ml* 



J«l8C8tI.A**S0U» $Sj^ 

*®®“**S^ tijjidy wi&oBt delay aiiil atmw «| 

4»C. T!i«<w4iiim«ail|e^ for 4 weeks under theaect^ 


ikf(6tkBdr*“Iiwculate from a 2^hr. nutrient broth culhire and fai* 
cubate at 37® C. with the cap tightly screwed down to prevent ajf 
exchange. Observe after 24 hr. and 48 hr. for a po^dve result, Li. 
turbidity produced by growth. 


Niacin Test 

This test is used in the differentiation of the mycobacteria. Tuberde 
bacilli of human type produce niacin (nicotinic acid) and this is dfte«-te d 
using cyanogen bromide and aniline. 

Beagents 

Cyanogen Bromi^. — A. 10 per cent, aqueous solution is used. Cya- 
nogen bromide liberates toxic fumes and should be stored in a 
dark-coloured well-stoppered bottle in the refrigerator. The 
solution should be prepared m a fume cupboard and stored in a 
refrigerator. It is made up once a fortnight. 

Aniline. — A 4 per cent, (v/v) solution in 96 per cent, ethanol is used. 
The aniline should be redistilled if coloured. The solution can 
be stored in the refrigerator for at least a month. 

Method . — Cultures of mycobacteria should be grown on slopes of a 
colourless medium, e.g. the oleic acid — albumin agar medium of Dubos 
and Middlebrook (1947) incubated at 37° C. At intervals up to 10 weeks 
a slope is removed from the incubator and to it is added 1 ml. of the 
cyanogen bromide solution, followed after five min. by 1 ml. of the 
amline solution. The development of a yellow colour in the test fluid is 
regarded as positive. The yellow pigment of certain chromogenic 
strains does not diflFuse from the colonies and so can be distinguished 
from a positive test. After the test has been read, a few ml. of 10 per 
cent, ammonia solution are added to the bottles to destroy the residual 
cyanogen bromide before submitting the cultures for sterilisation. 

Detection of Motility by Cultivation in Senii4Solid 
Nutrient Agar 

In semi-solid agar media, motile bacteria “swarm” and give a diffi^ 
spreading growth that is easily recogiused by the naked ^e. Motility 
may thus be detected more easily than by the microscopical “ hangin g 
drop” method. 

The exact optimal concentration of agar depends on the particular 
brand used and must be determined by trial; usually it is about 0’4 pw 
cent, of Japanese aga r or 0*2 per cMit of New Zeti^ agar. This » 
dissolved in nutrient broth or p^tone water. It is impmtant that ti» 
final medium tiunild be quite clear and transparent. 

UMuiits in test mbes and leave to set in the vntical portion. Ino^pata 

with a straight wire, a single stab down the ocaitre of the tube tit 
3 o 
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about half the depth of the medium. Incubate under the conditicms 
favouring motility. Examine at intervals, e.g. after 6 hr. and 1, 2 and 6 
days when incubating at 37® C. 

Non-motile bacteria geticrally give growths that are confined to the 
st^-line, have sharply defined margins and leave the surrounding 
medium clearly transparent Motile bacteria typically give difiuse, hazy 
growths that spread throughout the medium rendering it sl^lhtly 
opaque. The outgrowth may reach the walls of the tube after a few 
hours and the foot of the tube after one or two days. It is best observed 
by contrast while there is still some transparent medium not yet invaded. 
With a non-motile strain that yields motile variants, a discrete line of 
growth is formed along the stab and diffuse outgrowths then fan out 
from one or two points. Sharply defined finger-like oiugrowths may be 
given by some kinds of poorly motile bacteria, and also py some kinds of 
non-motUe bacteria, apparently by their “falling” through clefts in the 
medium; these doubtM cases may be resolved by use pf the “hanging 
drop” method. 



Non-motile Motile 

Fio.64 


Die^ram showing growth of a non-motiirorganism (a) restricted to the stab Ime in 
semi-solid nutrient agar. The difiiise growth, or “swarm”, of a motile organism 
(i) extends as a zone of turbidity from the stab line. 


Con^posite Media fitr BtdUminaiy Identification of 
&iterobacteria 

Hie following modification of Kohn’a method (GfiUes, 1956) » ^ 
ndiable substitute for fiie conventional method deserUyed on p. 243 to 
detetmine die biodbemkal identity (Mf non*lactose*fermcntin| colonies 
prior to eonfinnaticm by sdfobgtcal typing. 



COMFOBITB TB8T8 

Method 

Cim^osite mdium I 
Beaextract .... 

Proteose peptone No. 3 (Difco) 

Yeast extract .... 

Glucose 

Mannitol 

Agar 

Indicator mixture 

Distilled water .... 

Adjust pH to 7’2 
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2g. 

15 g. 

2g. 

1 8 * 

10 g. 

16 g. 

26*5 ml. 
11. 


After autoclaving at 115® C. for 15 min. and cooling to 60® C., 50 mL of a 
20 per cent, urea solution sterilised by filtration are added and the 
medium is distributed aseptically in sterile test-tubes to a depth of 6*5 
cm. and allowed to solidify in a sloped position so as to provide a butt of 
2*5 cm. 

Indicator mixture. Three separate 0*2 per cent, indicator solutions 
are made up. 


Indkator 

grams 

m/. 0*05 NNaOH 

Add ml. footer 

Bromothymol blue 

0*20 

6*4 

100 

Cresol red 

0*20 

10*6 

100 

Thymol blue 

0*20 

8*6 

100 


The final indicator is obtained by mixing the individual solutions in 
the following proportions: 


Bromothymol blue 
Cresol r^ . 

Thymol blue 

Composite medium II 

AgM 

Bacto-peptone (Difco) 

Tryptone (Difco) 

Sodium cldoride, NaCl .... 
Disodium hydrogen phosphate, Na,HP 04 , 12HtO 

Sucrose 

Salidn 

Bromothymol blue 

Sodium thiosulphate, Na,SaOs, 511,0 

Distilled water 

Adjust pH to 7*4 


12*5 ml. 
4 ml. 

10 ml. 


3g* 

10 g. 

10 g. 

5g. 

0*25 «. 

10 g. 

10 g. 
0*01 g. 

0*025 g. 
11 . 


The medium is distributed into test4ubes in 8 ml. amounts, auto- 
claved at 121® C. for 15 min. and allowed to set wttil the mhes in ^ 
vertical pontion. 

Lead oeeMe pt^t. Str^ (5 mm.x5Q mm.) of BNr pipair are 
imprei^Mted vrith saturated mA acetate scMm and dried in anofen 
at70®C. Indekmpe^saamMkOykixpKitimed^ai^ 
solution; . 
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^dime&yl-aminobenzaldehyde 5 g. 

Methanol .... 50 ml. 

o-phosphoric acid . . 10 ml. 

and are dried at 70° C. for a minimum period. 

The two media are inoculated with a long straight wire charged from 
colonies of the organism to be identified; medium I is inoculated by both 
smearing the slant and then stabbing to the base of the butt; medium II 
is then inoculated by a single stab into its upper | inch; finally, the two 
test papers are suspended above the latter medium and held by the 
cotton-wool stopper. 


Identifying Patterns of Organisms by the Composite Media 
(18 hr. incubation at 37° C.) \ 


Organism 

Fermentation of 

Urease 

production 

Fermentation of 
Sucrose/Salicin 

Motility 

Production 

ofHgS 

Formation 
of Indole 

Glucose 

Manmtol 

S. typki 

± 

X 

- 

- 


+ 

- 

Other salmonellae 

+ 

X 




V 

j 

- 

SK sonnei 

1 

X 

a 

- 

- 


- 

Sh. flexneri 

± 

X 

- 

- 

- 

- 

+ 

Sh, schmitzt 

1 

- 

- 

- 

- 

- 


Proteus group 

(-) 

(-) 

+ 

V 

+ 

V 

V 


Key to table: Fennentation tests + —add and gas produced. 

i.«=add only for glucose; acid for mannitol 
(gas production not observable). 

— =no reaction. 

Vss variable. 

Other tests + « positive. 

— ss negative. 

Va= variable. 

( — ) =s apparent negative reaction. 


Results — 

In medium I the fermentation of glucose is indicated by the butt 
chang in g from deep green to yellow and that of mannitol by the develop- 
ment of a yellow slant. Urease production produces a deep blue colour 
throughout the medium. Gas production appears in varying degrees 
firmn a slight splitting abi^ the wire track to disruption of the m<»lium. 
In me d iu m II, fermentation of sucrose or salicin or both changes the 
medium from li|^t blue to yellow and accompanying gas production 
anises bugles to form. Non-motileoi^aiiisms^row only akmgtiie line 
cf inoculation, whereas motile species wow either a diffiiM even gro^ 
apteati^ from the inoculum or more rarely localised outgiowthaeitiuch 





























LECITHIHASE TESTS 


837 


are usually fan-shaped or occasionally nodular. H(S productkih <»u8e8 
hisgfegning of the lead acetate paper and the formation (tf indole gives a 
red colour in the yellow test paper. 


Tests for Lecithinase 

Certain bacteria produce en 23 rme 8 (lecithinases or pho^phohpaaes) 
that split lipoprotein complexes in human serum and hen egg-yoik mkI 
produce opalescence or turbidity when grown in media containii^ 
these substrates. When the reaction is produced with egg-yolk it is 
sometimes referred to as the ledthovitellin reaction. 


Tube Test 

Medium . — Mix equal parts of a digest broth and sterile huu^ serum 
(from clotted blood). Egg-yolk suspension, 10 per cent, v/v in physio- 
logical saline, is recommended in place of the serum. A sterile egg-yom 
broth is obtainable commercially (Oxoid, Southwark Bridge Road, 
London, S.E.l). 

Method . — ^Aliquots of the substrate medium are dispensed asepttcally 
in sterile cotton-wool stoppered tubes. One tube is inoculated with a 
drop of fluid culture or a colony picked from a plate culture. One tube 
is left uninoculated as a negative control. A positive control may be 
inoculated with a known lecithinase-producing organism, and a futth^ 
control may include the test organism and antitoxin to the specific 
Urithinaaft, e.g. Cl. loelchtt alpha antitoxin if Cl. wekhii is the test 
organism (p. 313). Note that in some cases the enryme is dependent 
upon divalent cations and may be inhibited by sequestering agents or 

buffers containing calcium-binding salts. , cu 

The tubes are incubated under conditions suitable for growth ot tl» 
species involved and examined for turbidity daily up to five days. A 
positive reaction usually develops within 24^ hr. and is mdiwted by 
the development of pronounced turbidity with a yellowish curd on the 
surface of the culture substrate mixture, the effect beii^ absent fttra the 
negative control and antitoxin tube. A modification of this method 
be used for testing culture filtrates or ^trifuged supomatM for ieci- 
tbinniMi! activity using an incubation time of 1 hr. Th^ tests are 
more easily read after storage overnight suffioent ti^ h^ 

elapsed for the curd to rise to the surface of the mixture m a positive test. 


PuteTbst 



and mixing toe yoixs wnn an TwvHMs 
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Method. — ^Ledthina8e«pro(lucing colonies grown on this medium are 
surrounded by wide zones of opalescence u&ch are readily apparent 
through being much more opaque than the only slightly opaque r^-yolk 
agar (see also p. 757 and p. 313 for combined media and technique of 
antitoxin neutralisation). It should be noted that lipolytic organisms 
also produce opalescence in some lecithin-containing media, includii^ 
^g-yolk agar (Willis, 1960). The opalescence is weaker than that due to 
ledthinase and the zones of opalescence are smaller, being more or less 
confined to the medium under the colonies. 


Teste for Lipase 
Culture on Tributyrin Agar 


Medium 

Peptone 5 g. 

Yeast extract .... 3 g. 

Tributyrin (glycerol tributyrate) 10 g. 

Agar 20 g. 

Water ..... 1000 mb 


The medium is prepared so that the tributyrin forms a stable 
nnulsion in the nutrient agar and the pH is adjusted to 7*5. For 
exacting organisms the medium may be enriched by addition of 5 per 
cent, of Fildes’ extract of red cells before plates are poured (Willis, 19^). 

Method . — Inoculate and incubate plates under appropriate condi- 
tions. Examine by transmitted light. Colonies of lipol 3 rtic organisms 
are surrounded by wide zones of clearing. The natural opacity of the 
medium is due to the presence of the micro-droplets of tributyrin and 
lipolytic organisms convert these into water-soluble but 3 nic acid, so 
removing the opacity. 

Culture on ^g-yolk Agar 

Medium . — ^This may be as described above under Tests for Ledthi- 
nase or it may be the medium enriched with Fildes* extract described by 
Willis (1960). It is poured in plates immediately after the e^-yolk has 
been added and mixed in. ** 

Method . — ^Inoculate and incubate imder appropriate conditions and 
examine by reflected light. Lipolysis is indicated by the formation of a 
thin, iridescent “pearly layer” overlying the colonies and a “confined” 
opalescence in the medium underlying them (seen best when the colonies 
are scraped ofi). 

Next flood the plate with a saturated aqueous solution of coffer 
sulphate, stand for 20 min., drain off the excess solution and dry the 
plate in the incubator for a short while. When the ^ilate h now 
exaimned, the pearly layer and ffie opalescence in the medium are both 
snmied bright greteiish-blue, indicathig that tlmy consist of fSSh 
adds ffutt &ve been liberated by hydrolysis of the fats in the egg-yolk. 
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Test &r Hyaluronidase 

Hyaluronidase catalyses the hydrolysis of hyaluronic adid; it Attacks 
the intercellular cement substance in tissues and acts as a “spreading 
factor”. Hyaluronidase activity in bacterial culture filtrates can be 
demonstrated by a modification of the ACRA test (Bumeti 1948). A 
solution containing hyaluronic acid derived from synovial fluid is mixed 
with Congo red. When a drop of this mixture falls into add alcohol it 
produces a chacracteristic appearance. Progressive reduction of the 
amount of hyaluronic add in ihe mixture, dther by prior dilution or by 
enzymatic activity, leads to progressive changes in the pattern produced 
when a drop falls into add alcohol. For an accoimt of the procedure and 
details of factors influencing the test, the paper by Oakley and Warradc 
(1951) should be consulted. 


Teats for Deoxyribonuclease 

The enzyme deoxyribonuclease attacks DNA present in the nucld of 
leucoc 3 rtes and influences their subsequent afimity for Romanowsky 
s^ns such as Jenner’s. The enzyme also digests DNA present in 
tissues, e.g. horse spleen, and reduces the viscosity of solutions of semi* 
purified DNA extracts. The nudeic add is precipitated by alcohol as a 
fibrous mass before but not after enzymatic decomposition. There are 
three tests for deoxyribonuclease activity and they are based on the above 
observations. 

Slide Test (Warradc, Bidwell & Oakley, 1951) 

Substrate . — ^Rabbits are bled into 1*6 per cent, sodium oxalate, tiie 
leucocytes concentrated by centrifugation and resu^ended in oxabted 
rabbit plasma, and trial fihns made. The concentration of leucxKytes is 
adjusted to give 15-20 per in. objective field. Films are made in a 
standard manner on slides 7-5 x 1'2 cm., dried in tiie air and fixed in 
methanol. 

Terr.— The deoxyribonuclease activity of a culture filteate is demon* 
strated as follows : A numbered slide beanng a fix^ film is gently placed 
in each of a series of 4 ml. volume doubling dilutions m the otdtam 
filtrate so that half of each film is submerged. Aft^ incubation in tide 
position at 37* C. for 18 hr., along with appropriate contrrf tests, tite 
sUdte are removed, rinsed with distilled water and stained with Jentter^s 
stain. Each film is then examined microscopicaliy, using tim ril* 
immersion objective, and the half of each slide tiiat was not immersed 
acts as a contrcfl for tiie number of intact leucocytes per Arid and Ibr the 
efliciency of staining. 

If the concentraticm of deoayribonuclease is high, no stahted letete* 
cytes may be seen in the treated fflm. The first stape of action h ledhOf 
tkm in nuclear stainkg of lymphocytes, progreseii^ te pwdtttebh of 
unstained (*‘^bo8t") nuclei whnh are snatply itenarcaied fiwos tiki 
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surrounding faintly stained cytoplasm. Polymorphs are next affected 
and finally eosinophils are attacked. 

Other Tests for Deoxtribonvcxease.— A modification of the 
ACRA test of Burnet (1948) devised by Oakley and Warrack (1951), and 
the alcohol precipitation test (McCarty, 1949), may also be used to assess 
deoxyribonuclease activity. 


Tests for Direct Bacterial Haemagglutmin 

Adhesiveness for animal cells is commonly indicated by a tendency of 
certain bacteria to adhere to and bind together red blood cells and thus 
cause “direct bacterial haemagglutination”. The bacterial haemagglu- 
tinin may be a fixed part of the bacterial surface (see^nwriae, p. 24) and 
this type of haemagglutinin is accordingly described as “non-diffusible”. 
A few bacterial species produce a soluble or “diffusible haemagglutinin” 
which diffuses into the surrounding medium and, though reacting with 
red cells, caimot bind the bacteria to these or to other substrates. 

Tile Test for Fimbrial Haemagglutinin. — Red cells separated 
from fresh dtrated guinea-pig blood are washed twice in physiological 
saline and made up to a 3 per cent, (v/v) suspension in fresh saline. A 
nutrient broth culture of the test organism is centrifuged to deposit the 
bacilli. After removal of the culture supernatant, the baicillary deposit 
is resuspended in the small amount of fluid remaining. A drop of the 
dense bacillary deposit is mixed with an equal drop of the red cell 
suspension in a depression on a white tile at 3-5° C., and the tile is then 
rocked gently for 5 min. while it is warming to room temperature. In 
the case of most fimbriate organisms tests made at room temperature 
(15-20° C.) without chilling the tile are entirely satisfactory. A few 
organisms, however, give haemagglutination at 3-5° C. but not at higher 
temperatures. 

The haemagglutination produced by fimbriate organisms is seen 
with the naked eye and usually develops as a coarse clumping within 
a few seconds. Weakly active cultures produce a fine granularity 
within 2-3 min. Very poorly haemagglutinating cultures may show 
positive reactions only if mixing is continued for up to 30 min. 

Inh&iUcm of Fimbrial Haemagglibfnation with Matmose . — ^The incor- 
poration of a small drop of a 2 per cent solution of D-mannose in the 
haonagglutination mixture (finid mannose concentration 0*5 per cent) 
specifically inhibits fimbrial haenu^lutination (see Duguid & Gillies, 
1957). 

Tube Test for Soluble Haemagglutinin. — ^To doubling dilutions 
of the test culture supernatant in physiological saline (0*5 ml. volumes), 
0*5 mL aliquots of a 1 per cent, (v/v) red cell suspension in saline are 
added. The tubes are shaken and allowed to stand at room teihperature 
for 1-2 hr. The red cells settle into a charactotistic pattern at the foot of 
eaihtulte and this is conveniently viewed in a mirror. In the absence of 
haemagghitiBin, the red cdht form a dense Central button. In the 
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presence of soluble haemagglutinin, the red cells fall in a reticulum and 
this covers the base of the tube. The patterns are very similar to those 
described by Salk (1944) for myxovirus haemagglutination. 
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CHAPTER 50 


PHYSICAL AND CHEMICAL METHODS: I 

pH BUFFERS, OXlDATION-BEDUCnON 
POTENTIALS, STANDARD SOLUnONS, 

THE PREPARATION OF GLASSWARE 

pH IN MICROBIOLOGY | 

Microorganisms, in common with other living org^ms, are very 
susceptible to changes in the acidity or alkalinity of\the surrounding 
medium. This is true with r^^ard to both growth and survival. Whilst 
many bacteria show vigorous groMdi within a fairlw wide rwge of 
acidity or alkalinity, there are others that require die “reason” of 
the tnftdintn to be adjusted within narrow limits before multiplication 
takes place. Moreover, all microorganisms have a particular “reaction” 
at which growth is optimal. In order, therefore, to^ secure the best 
growth, particularly of highly parasitic organisms, it is necessary that 
the adjustment of the “reaction” should be made as acpirately as 
possible. For this purpose, it is necessary to become familiar with the 
factors deter mining this “reaction”, with the mode of its expression 
and with the methods used for its estimation. 


Die Meaning of the pH Scale 

Pure water is very slightly dissociated into an equal number of 
hydrogen ions and hydroxyl ions. 


H,OriH++OH-. 

According to the law of mass action, the following formula will hold 
at equilibrium (the square brackets refer to the mow concentrations): 




[H^l tOH-] 

lH,Ol • 


But the amount <rf water ionised jirill be extremely small, ao that the 
concentration of unionised water, [H|0], is virtually constant. There- 
fore, at equilibrium, the product of die omccntration of hydrogen 
and hydroxyl ions will be a constant, which is termed die ion product 
of vntst Ku, i.e. 

K»-[H+] [OHi. 


From conductivity measurements, it Im hero found that 
craihation of hydrogm ions and hydnatyl itms in pure water at 22^ 
i$ 10”’ gram ions per litre. Iherdote Kv at 22® C. will be 1*0 x l(r 
At a ipven temperature and in dilute aqueous solutions, the product o 
the molar concentradtms of hydrog^ ions and bydroagd 4®®* 
alwtys be the same, no matter vAat otim rtibtttmm are primtt* 
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Consider what happens when an acid is added to wator. The acid 
will dissociate, liberating hydrogen ions, the amount of winch depends 
on the amount of add added and on the degree of dissociation of the 
acid. A strong acid will be largely dissociate in dilute solutions wlule 
a weak acid will be largely undissociated, e,g. 

HCl^H++a- 

CHsCOOH^H++ CH,COO-. 

As a result of the liberation of hydrogen ions caused by dissociation 
of the add, the number of hydroxyl ions must be decreased in order to 
maintain the ion product of water at a constant value. Similarfy, whm 
an alkali is dissolved in water, it also undergoes dissociation and ionm- 
tion with the liberation of hydroxyl ions, the amount (rf these bdx^ 
proportional to the amount of alkali and its degree of ionisation, e.g. 

NaOH?:^Na++OH- 

NH 40 H^NH 4 ++ 0 H-. 

As a result of the liberation of hydroxyl ions, there mustbe acones- 
pondii^ decrease in the number of hydrogen ions to keep the ionic 
product of water constant. It will be seen, therefore, ^t in spite of 
the fact that a solution may be alkaline, its reaction can still be ei^ressed 
in terms of the hydrogen ions present, the stronger the alk^ the smaller 
the concentration of hydrogen ions. A solution is neutral if [H+] ** 
a solution is acid if [H+] is greater than 10“’ and is alkaline if (H+) is 
less tVinn 10“’. Since [H+] can be measured with considerable accuraqr, 
it is convenient to express acidity and alkalinity in terms of [H+]. For 
reasons of practical convenience, [H+] is usually expressed as a loga- 
rithmic or pH scale. . 

The pH value of a liquid is defined as the logarithm of the reciprocal 

of the hydrogen-ion concentration, i.e 

pH»log 

For neutral water, pH»log 


Two pmnts should be borne in mind about the pH scale. ^ 

(1) SW it is a hgariOmac scale, a change in one umt of pH is 
equivalent to a tenfold change in hydrogm-i<m concenttatitm, » • 
tenfold ehange in acidity; thus a Ikpiid of pH 5 is tffl tunes 
than fi, wWe a liquid of pH 9 is ten tunes ooow tdWm* 

^^*^**2 ta a redfeocal scale, the lowty the pH, 
betiieSty. A pHvdiie of less than 7 indicates an acid ai^M^ 
^d gxeaihur than 7 an a lk al in e so lu ti on * 


» 1 
0*1 
OHM If 
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IMPORTANCE OF pH MEASUREMENTS IN 
MICROBIOLOGT 

Microorganisms are sensitive in varying degrees to the pH of the 
external environment. Although this is important for survival, it is 
even more important for growth, where there is an optimum, a maximum 
and a minimum pH. Media should be adjusted as far as possible to the 
pH optimal for the growth of the organism concerned. Most patho- 
genic bacteria have a fairly restricted pH range andlgrow best around 
pH 7*5, that is, at a slightly alkaline reaction. This ^y be a reflection 
of the fact that the pH of mammalian blood and tissues is of this order. 
For example, the pneumococcus has an optimum pH of 7*8, and a 
growth range between pH 7’3-8‘3. On the other hand, commensal and 
saprophytic bacteria have a wider pH growth range. \ Escherichia coU 
Im an optimum pH of 6*5, and a growth range between pH 4-4-7-8. 
Yeasts and fungi generally have an acid optimum and may grow at a 
pH of 2-0 or even lower. Not only should growth media be adjusted 
to the optimum pH, but all suspending fluids should be at a reaction 
giving ^e ki^est survival time (usually of the same order as the 
optimum pH). 


METHODS USED IN pH MEASUREMENT 

Two types of methods are generally employed for the measurement 
of pH in ^e laboratory. These depend either upon the use of pH 
indicator dyes or upon the use of electric pH meters. 


Methods depending upon the use of pH indicator dyes 

Indicator dyes are substances that will change in colour with 
variations in the pH of the solution in which they are dissolved. For 
ecample, phenol sulphone-phthalein (phenol red) is yellow in acid 
solution and red in alkaline solution. If alkali be gradually added to 
an acid solution containing phenol red, the change in colour will 
commence at pH 6*8, the yellow~beconung redder until the final red 
is reached at pH 8*4; thus the “range” of the indicator is pH 6*8-8*4. 
Vi^thm this range, phenol red will ^ve different colours for different 
pHs and this can be used to determine pH. The range of phenol red 
is particularly suitable for the adjustment of the pH of bacterial culture 
medk. It must be emphasised that outside the range at which the 
colour is dianging, an indicator can show only whether the solution is 
nune add or monre alkaline than the indicator rai^ For example^ 
phenol red is ydlow at all pHs below 6*8 and is red at all pHs above 8*4. 
However, otiier dyes have their own different ranges in which col^r 
(hange occurs, and tiiere is now available a series of indicates which 
.will cover the range from pH 1 to 11. The frtUotdiig are examples: 
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Colour chat^ 
red to yellow, 
yellow to vblet. 
yellow to blue, 
red to yellow 
red to blue, 
yellow to violet, 
yellow to blue, 
red to yellow, 
yellow to purple-pink, 
yellow to violet-red. 
yellow to blue, 
colourless to red. 
colourless to blue, 
red — orange — ^yeUow 
— green — ^blue — 
reddish violet. 

The simplest method of determining the pH of a solution is to use 
commercially available pH indicator papers. These papers are im- 
pregnated with an indicator that gives a change of colour over a 
specific or general range of pH. The paper can simply be dipped in 
the solution to be tested or, alternatively, a drop of the solution can be 
withdrawn by a wire loop or Pasteur pipette and placed on the paper. 
The resulting colour is compared with the diart supplied with the 
papers. One example of a good wide-range indicator is the “Universal 
Indicator” contained in test-pqwrs supplied by Messrs. Johnson & 
Sons, Hendon, London, N.W.4. It must be emphasised, however, 
that these test-papers will only give, at the best, an approximate idea 
of the pH and ^e results should alwa)rs be checked by a more accurate 
method. 

The Comparator Mediod 

The most convincing instrument of this type is the Lovibond 
Comparator (obtainable from British Drug Houses, Ltd.). 

The comparator normally consists of a bakelite case with two faol^ 
at the top for tubes of standard bore and of colourless glass. Tube A 
contains water if the untreated “unknown” solution is colourless, but 
some of the untreated “unknown” if it is coloured. The hinged door 
of the case Imlds a rotatable di^ containing a series of standard ci^ured 
glasses corresponding to various pH v^ues and each glass can be 
brought in front of tube A in turn and viewed through aperture A* 

It is possible to obtain dis k s for various indicators and the i^>pro^ 
priate one can be inserted in the comparator. A solution of the indicator 
IS added to tube B, which contains the unknown solution, and the 
<lisk is rotated until a mat^ is obtained. The pH is thm read in the 
; aperture at die bottom oi the apparatos. If the “otdtnown” is in thn 
i middle of the range of (he indicator selected, it is poasfide to obtain 4 
I '^alde accurate to within 0* 1-0*2 pH units. 


Indicator 

Ra$ige of pH 

Thymol blue (add range) . 

1-2-2-8 

Bromophenol blue . 

2*8— 4*6 

Bromocresol green . 

3*6-5*2 

Methyl red 

4*4-6*2 

Litmus . 

4*5-8*3 

Bromocresol purple . 

5*2-6*8 

Bromothymol blue 

6*0— 7*6 

Neutral red 

6-8-8-0 

Phenol red 

6*8-8*4 

Cresol red 

7*2-8*8 

Thymol blue (alkaline range) 

8-0-9-6 

Phenolphthalein 

8-3-10-0 

Thymolphthalein 

9*3-10*5 

B.D.H. “Universal” . 

30-1 1-0 
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TUBE A TUBE B 



Adjustment of pH of Nutrient Media 

One of the commonest uses for a comparator in a bacteriolc^cal 
laboratory is in the adjustment of the pH of standard culture media. 
As an example, the adjustment of nutrient broth to pH 7'5 using phenol 
red will be considered. For this purpose, the following are required in 
addition to the Lovibond comparator with a phenol red disk. 

(1) A solution of phenol red, 0‘01 per cent.,^ in distilled water. 

(2) 0*05 N NaOH made up as follows: 

500 ml.’o*l N NaOH 

91 ml. 0-01 per cent, phenol red 

distilled water to 1 litre. 

The indicator is incorporated into the standard alkali solution, so that 
when the medium is titrated, the actual concentration of the dye always 
remains constant. 

(3) A burette, preferably a microburette, measuring to 0*01 ml. 
To tube A is added 5 ml. nutrient broth and to tube B 5 ml. nutrient 

broth +0*5 ml. of 0*01 per cent, phenol red solution. The 0*05 AT NaOH 
solution is run into tube B until the tint produced is midway between 
the standard glasses of pH 7*4 and 7*6. The average of the two readings 
is takim and this gives the amount of 0*05 N NaOH required to bring 
5 ml. of broth to the correct pH. From this, one can calculate the 
amount of 1 N NaOH required to bring the total amount of broth to 
the correct pH. 

Vi^en media adjusted in this way by the ad^tion of alkali are iteril' 
ised, it is common to obtain a precipitate, of phcwphates so that the 


* Fiat prepare • M»ck 0*2 per cent, solution es fidiows. Wei^ out 0*1 a. p!»o®* 
red, add to mb 10 od. (aocurstely) of 0*1 AT NeOH and 20 of dbtiBed 
Obeolve by gentle heat. Transfer die oontents to a 500 ml. vohimet^B^wwaw 
out an the indicator into the flask, Nowadd aocittately lOinl, 0*1 ATHQl, am wjf 
to die truiik. TIm OOl per cent, sotudon of phenol red b made by dHudu the steer 
sohidon an equal part of dbdUed water. 
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medium has to be ffltered again before use. It may be 
therefore, vdien making media in bulk to have die reaiHiim 
al k a lin e and to adjust it for use by the addition of acid. Hie medium 
is first adjusted to a pH of about 8*0 with KaOH and steamed for thir ty 
minutes. The precipitated phosphatm are 0tered off. The «w«din *n 
is then adjusted back to pH 7*5, using acid. The fftratkoi » carried 
out in exactly the same way as described previously except that, inmead 
of NaOH solution, 0*05 N HCl containing phoaol red is employed, and 
the calculated amount of normal hydrochloric acid is added per litre 
to obtain the desired reaction. 

The standardisation of a solid medium such as nutrient agar presents 
greater difficulty than in the case of fluid media. The medium may be 
titrated when liquid, but the exact determination is not easy to obtain 
with any degree of accuracy. It has been found that agar of good quality 
has very litde effect on the reaction of the broth to which it is added, 
but the reaction of the finished agar should be controlled by titrating 
the melted medium and then comparing the colour when coU. We 
have found the following method satisfactory. Mix together 0*5 ml. 
of the melted agar, 4*5 of hot (neutral) distilled water and 0*5 ml. 
of 0*01 per cent, phenol red solution; cool and compare with tiie 
standard tubes. Gelatin may conveniently be adjusted if the medium is 
liquefied and kept at about 37° C. 

The Ciqiillator Method 

A knowledge of the pH of bacterial cultures and of the pH chaises 
which thty imdergo is often of importance and is sometimes of practical 
value (e,g. in the differentiation of Streptococcus e^alactiae from 
Streptococcus pyogenes). When only small quantities of culture are 
available, one of the best methods of pH determination is the use of 
the capillator. The “B.D.H. Capillator Outfit”^ is available with 
indicators and cards to cover the range from pH 1*2-11*0. Alternat- 
ively separate sets can be obtained for each indicator. 

Ihe technique is as follovirs. The pH is first approximately deter- 
mined by the use of a universal indicator. This can be done in two 
ways. 

(1) A atnaH quantity of the microbial cultiue is withdrawn with a 
sterile Pasteur pipette and transferred to a white tile and an eqjuid 
amount of int^tor added. From the resulting colour of the nmture, 
the approximate pH can be obtained tty comparison with the standard 
set of colours supplied witii the indicator. The tile is tqgpropruitdy 
sterilised after use with 3 per cent, v/v lysol solution. 

(2) A uitiversal pH test-paper can be used (see previous^). Aftnr 
use the test-paper is destroyed by burning or is placed in dynfoctaat 
solution. 

The pH is then determined more accurately, unnga eaptUalhf and 
chooamg an hidicator timt acts over the detired range. Hto cap Hb tfo t 
consists of a aeries of 8taadard*<siEed opfllary tubes fified adth jbdB^ 

* l^wfoQdeaiibiMoiSihigaw&l^ 
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solutions and indicator. These tubes show the colours corresponding 
to different pH values over the whole rai^ of the indicator, and the 
pH value corresponding to each colour is marked on the card. The 
capillator set is used as follows. 

(a) A capill^ tube, identical in diameter with those in the capil- 
lator, is fitted with a rubber teat and is used for withdrawing a tube full 
of indicator (supplied with the capillator set and of double the con- 
centration occurring in the standud tubes). The indicator is then 
pipetted on to the small watch-glass provided. 

(b) After washing, the same “pipette” is used to withdraw an equal 
volume of the microbial culture or unknown solutioiji which is pipetted 
on to the same watch glass. If the culture is to re i uncontaminated, 
a sterile capillator pipette must be used. 

(c) The two fluids are mixed on the watch-glass ly sucking in and 
out of the pipette, and finally the tube is filled with e mixture. 

(d) The prepared tube is compared in colour with the standards 

and the pH value thus obtained. \ 

Errors due to the colour of the culture or fluid itself can be corrected 
by using a compensation cell. Care should be taken when working with 
pathogenic cultures, and the used capillary tubes should be dropped 
into lysol solution. 

The pH Meter 

The methods described above, although simple and requiring 
relatively cheap apparatus, are generally not accurate. They are also 
very laborious if large numbers of estimations have to be carried out. 
Further, they all assume that the colour of an indicator is influenced 
only by the pH of the solution. This is not always so, since the dissoci- 
ation of an indicator can be influenced by substances such as salts, 
ethanol and proteins in solution. These errors may be quite appreci- 
able, although in the choice of indicators listed previously those with 
large errors have been discarded. The only accurate method of meas- 
uring pH is by using a pH meter, and in laboratories where numerous 
routine determinations of pH are required, this apparatus is a necessary 
piece of laboratory equipment. It is easy and quick to use altiiough 
care must be taken in its maintenance. 

A pH meter consists of an electrode pair which is sensitive to 
hydrogen-ion concentration and an electrical circuit which measures 
the e.m.f . developed across the electrode pair. Almost all modem pH 
meters employ a glass dectrode as it is easy to use and maintain, toge^er 
with a calorod electrode as a standard. Only a brief description of the 
instrument and basic directions for its use can be given here. More 
detailed descriptions of theory can be found in appropriate textbooks 
and instructkms are provided in the makers’ pampntets. 

The e.mi. devdoped between the glass electeode and the calomel 
dectrode will depend upon the concenteation of hydrogen ktns ami, 
hence, tiie pH. In order to measure this e.m.f., no currmit must flow 
in the decizode pair or the resultant duankal reactions at the 
boundaries will resuU in a “pofauisation" of the dectrodes so that the 
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observed e.m,f. will be due to a combination of phenomena. For this 
reason, a high impedance circuit is used to detect the potential devel- 
oped and a vacuum tube is used to drive the measuring meter. This 
meter can be a microammeter in a vacuum tube circuit as in niost 
line-operated meters, or a null-type bridge circuit may be used as with 
battery-operated meters. 

The following precautions should be observed in the use and 
maintenance of a pH meter to avoid damaging the instrument and to 
get an accurate pH value. 

(1) Always exercise extreme care in handling the electrodes, par- 
ticularly the glass electrodes which usually have a very thin glass 
bulb. Do not allow this glass bulb to touch the beaker in which the 
measurements are taking place, or any other hard surface. 

(2) Before a series of pH measurements, ensure that the calomel 
electrode is filled with a solution of saturated KCl. 

(3) Make sure the instrument has been given sufficient time to 
warm up as specified by the manufacturers. 

(4) Make frequent standardisation of the meter against a standard 
buffer solution of known pH as near as possible to the pH to be 
measured. 

(5) Between measurements, wash the electrodes with a stream of 
distilled water using a wash bottle. 

(6) When a “drift” in the reading occurs, give the electrodes time 
to reach equilibrium. Gently stirring the solution often hastens 
equilibrium. 

(7) Never remove the electrodes from the solution when the measur- 
ing circuit is closed. 

(8) When the instrument is not in use, keep the electrodes immersed 
in water. 


BUFFERS AND THEIR USES 

Not only is it important to have the suspending fluids for micro- 
organisms within a certain pH range, it is also important to keep the pH 
within the same range. Most microorganisms produce acids or idkatis 
as a result of their metabolic activities and these must be prevented 
from altering the pH of the environment too radically. For example, 
bacteria when grown on a medium containing a sugar generally pn^uce 
acid intermediates or end-products {e.g. formic, acetic, propionic, 
butyric, or lactic acids). This is particularly true of fermentation under 
relatively anaerobic conditions. If these acidic products were allowed 
to accumulate in an unbuffered medium, the organism would soon be 
killed by the low pH produced. 

It is, therefore, preferable and often essential to include buners tn 
culture media and in suspending fluids. These buffers tend to resistt 
changes in hydrt^n-ion ctmcentration. They are usually formed by 
®wing a weak add with its »(dt, althouf^ a wwk alkah and its saft can 

'‘kobeused. Buffering action is due to the feet that a weak aad is 

weakly dissociated tto salt with an alkali metal is riroo^ ma- 
3h 



850 MBDICAL MICSOBIOLOOY 

sociat^. Thus, whereas 0*1 N acetic add is only 1*35 per cent, 
dissociated, 0*1 N sodium acetate is 97 per cent, dissociated. If 
hydrogen ions are added to sudh a buffer solution, thqr will react with 
the high concentration of salt anions to form imionised adds. This 
weak add, once formed, does not tend to ionise appreciably and, at the 
same time, its ionisation is opposed by the high concentration of anions 
present. Therefore hydrogen ions have been added, but have been 
removed leaving the pH of the solution only slightly dtered. 

Generally speaking, the buffering power of a mixture of a weak acid 
and its salt is greatest when the two are present in equimolar propor- 
tions. From such mixtures, buffers can be prepared covering a range 
of about 1 pH unit on ea<^ side of the pH given by an equivalent 
mixture (the pK of a buffer). Outside this range, thqbriffering capacity 
falls off very rapidly. Although the concentration of the buffer deter- 
mines its ability to resist changes in hydrogen-ion concentration, 
(he actual pH given by a certain mixture is only slijghtly affected by 
dilution. 

Buffers suitable for use with biological material should have a pK 
around the optimal for this material and ideally they should also be 
non-toxic and non-physiological, Le. not react with or affect the living 
organism or the component of die living organism to be studied. In 
practice, however, most buffers with us^l pKs around 7 are physio- 
logically active, and allowance must be made for this. , 

The following is a list of suitable buffer systems for use in micro- 
biology. It should also be noted that some components of the complex 
organic growth media commonly used in microbiology are also buffers. 
T^ is particularly true of amino acids and peptides which, as well as 
providing nutrients, act as important buffers. 


PREPARATION OF BUFFERS 

(1) Citrate Buffer 

Stock SobitioHs 

A: 0*1 M solution of citric acid (19-21 g. in 1000 ml.). 

B: 0*1 Af solution of sodium citrate (29*41 g. CtH 50 fNa}. 2 HtO 
in 1000 ml.). 

X ml. of A+y ml. of B, diluted to a total of 100 ml. 


X 

y 

pH 

46*5 

3*5 

3*0 

43*7 

6*3 

3*2 

40*0 

10*0 

3*4 

37*0 

13*0 

3*6 

35*0 

15*0 

3*8 

33*0 

17*0 

4*0 

31*5 

18*5 

4*2 

28*0 

22*0 

4*4 

25*5 

24*5 

4*6 

23*0 

27*0 

4*8 
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20*5 

29*5 

5*0 

18*0 

32*0 

5*2 

16*0 

34*0 

5*4 

13*7 

36*3 

5*6 

11*8 

38*2 

5*8 

9*5 

40*5 

6*0 

7*2 

42*8 

6*2 


^2) Acetate Buffer 

Stock SohaioHS 

A: 0-2 M solution of acetic acid (11*55 ml. in 1000 ml.). 

B: 0*2 M solution of sodium acetate (16*4 g. of CgHsOjNa or 
27*2 g. of CsH80eNa.3H,0 in 1000 ml.). 

X ml. of A +y ml. of B, diluted to a total of 100 ml. 


X 

y 

pH 

46*3 

3*7 

3*6 

44*0 

6*0 

3*8 

41*0 

9*0 

4*0 

36*8 

13*2 

4*2 

30*5 

19*5 

4*4 

25*5 

24*5 

4*6 

20*0 

30*0 

4*8 

14*8 

35*2 

5*C 

10*5 

39*5 

5*2 

8*8 

41*2 

5*4 

4*8 

45*2 

5*6 

Citrate-JPhosphate 

Buffer 


Stock Sobttiom 

A: 0-1 M solution of citric add (19*21 g. in 1000 «“•)* 

B- 0*2 M solution of dibasic sodium phosphate (28*39 g. of 
Na^IPO* or 71*7 g. of Na,HP04.12Hj0 in 1000 ml.). 

X ml. of A -hy ml. of B, diluted to a total of 100 ml. 


X 

y 

pH 

44*6 

54 

2*6 

42-2 

7*8 

2*8 

39*8 

10*2 

3*0 

37*7 

12-3 

3*2 

35*9 

14-1 

34 

33*9 

16*1 

3*6 

32*3 

17*7 

3*8 

30*7 

19*3 

4*0 

29*4 

20*6 

4*2 

27-8 

22*2 

44 

26*7 

23-3 

4-6 

252 

24*8 

4*8 
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X y pH 

24-3 25-7 5-0 

23-3 26-7 5-2 

22-2 27-8 5-4 

21 0 29-0 5-6 

19-7 30*3 5*8 

17-9 321 60 

16-9 33-1 6-2 

15-4 34-6 6-4 

13-6 36-4 6-6 

9-1 40-9 6-8 

6-5 43'6 70 


(4) Phosphate Bufier 

Stock Solutions 

A: 0’2 M solution of monobasic sodium phosphate (31*2 g. 
NaH^O*, 2 H*0 in 1000 ml.). 

B: 0*2 Af solution of dibasic sodium phosphate (28*39 g. of 
NajHP 04 or 71*7 g. of Na 8 HP 04 . 12 Hj 0 in 1000 ml.). 

X ml. of A +y ml. of B, diluted to a total of 200 ml. 


X 

y 

pH 

92*0 

8*0 

5*8 

87*7 

12*3 

6*0 

81*5 

18*5 

6*2 

73*5 

26*5 

6*4 

62*5 

37*5 

6*6 

51*0 

49*0 

6*8 

39*0 

61*0 

7*0 

28*0 

72*0 

7*2 

19*0 

81*0 

7*4 

13*0 

87*0 

7*6 

8*5 

91*5 

7*8 

5*3 

94*7 

8*0 

Barbitone 

(Veronal) Buffer 


Stock Sohaions 

A: 0*2 M solution of sodium barbitone (sodium diethyl barbi- 
turate). 

B: 0-2 MHO. 

50 ml. of A+x ml. of B, diluted to a total of ^K) mL 


X 

pH 

1*5 

9*2 

2*5 

9*0 

4*0 

8*8 

6*0 

8*6 

9-0 

8*4 
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12*7 

8*2 

17*5 

8*0 

22*5 

7*8 

27*5 

7*6 

32*5 

7*4 

39*0 

7*2 

43*0 

7*0 

45*0 

6*8 


Solutions more concentrated than 0-05 M may crystallise on standing, 
especially in the cold. 


( 6 ) Tris (hyd» symethyl) aminomethane (^ia) Buffer 

Stock Solutions 

A: 0‘2 M solution of tris (hydroxymethyl) aminomf-than# (24*2 e, 
in 1000 ml.). ' * 

B: 0-2MHC1. 

50 ml. of .4 + * ml. of B, diluted to a total of 200 ml. 


X 

pH 

5*0 

9*0 

8*1 

8*8 

12*2 

8*6 

16*5 

8*4 

21*9 

8*2 

26*8 

8*0 

32*5 

7*8 

38*4 

7*6 

41*4 

7-A 

44-2 

7*2 


(7) Boric Acid*Boraz Buffer 

Stock Sobttiom 

A: 0'2 M solution of boric acid (12-4 g. in 1000 ml.). 

B : 0*05 M solution of borax (19*05 g. in 1000 ml. ; 0*2 M in terms 
of sodium borate). 

50 mL of A+x ml. of B, diluted to a total of 200 ml. 


X 

pH 

2*0 

7*6 

3*1 

7*8 

4*9 

8*0 

7*3 

8*2 

11*5 

8*4 

17*5 

8*6 

30*0 

8*( 

S9*a 

9< 

115*0 

9-S 



854 


MEDICAL MICROBIOLOGY 


(8) Bicaxfaoaate— CO| Buffer 

The pH of these buffers is markedly dependent on temperature. 
The following examples are for a temperaUire of 37° C. 

Concentration of COt in gaseous phase 
5% 10% 20% 

Concentration /0*02 M . 7*4 7*1 6-8 

ofNaHCO, 10-05 M . 7-8 7-5 7-2 

(9) Carbonate-Bicarbonate Buffer / 

Stock Soluiions 1 

A: 0-2 M solution of anhydrous sodium carbonate (21*2 g. in 
1000 ml.). 

B: 0*2 M solution of sodium bicarbonate (16*8 W. in 1000 ml.). 

X ml. of A +y ml. of B, diluted to a total of 200 


X 

y 

pH 

4*0 

46*0 

9*2 

9*5 

40*5 

9*4 

16*0 

34*0 

9*6 

22*0 

28*0 

9*8 

27*5 

22*5 

10*0 

33*0 

17*0 

10*2 

38*5 

11*5 

10*4 

42*5 

7*5 

10*6 


Note . — These buffers are all made up to a fituil concentration of 
0*1 M (with the exception of the bicarbonate-COj buffers). The pH 
will not change appreciably on dilution. It should be noted, however, 
that ^ere will be variation in the ionic strengths of the different buffers 
and of the same buffer at different pHs. If isotonic solutions are 
required, the concentration should be adjusted accordingly. All ffe 
buffers are given as a mixture of the sodium salts with the add. 
Potassium salts may also be used. 


OXlDATION-BEDUCnON (REDOX) POTENTIALS 

It has been stated previously that the oxidation-reduction conditions 
in a are very important in die growth of certain bacteria. 

Strict aerobes are able to grow only iu presence of dissolved oxygen 
while strict anaerobes requires reducing conditions and he^ absence 
o£ dissolved oxygen. may be rwted to the metabolic character 
of the organism, a strict aerobe obtaining its energy and intermediates 
only durough oxidation involving oxygen as the ultimate hydrogen 
acceptor, a strict anaerobe utilising hydrogen acceptors other than 
oxygen while a facultative anaerobe can act in both ways. However, 
strict anaerobes may be actuaUy poisoned by the presence of o*yg*®j 
possibly due to tho production m toxic hydrogen peroude which cannot 
M rmnoved catalase, or possibly due to the oxidation of certain 
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essential groupings in the organism, e.g, the sulphydiyl gtoupa o£ 
proteins. 

We may consider oxidising agents as substances capable of taking up 
electrons and reduc^ agents as substances able to part with dectrons. 
It is therefore possible to determine the intaosity level of oxidising or 
redudi^ conditions in a system by the net readiness of aU the com'* 
ponoits in that system to take up, or part with, electrcms. This ability 
is usually expressed as the oxidation-reduction (redox) potential of 
the system. 

Redox potentials can be best measured by virtue of the fact that when 
an “umttackable” electrode is immersed in a solution, an electrical 
potential difference is set up between the electrode and the solution, 
and the magnitude of this potential depends on the state of oxidation or 
reduction of the solution. This electrode potential (or, more shortly 
can be measured in millivolts, and the more oxidised a system, the 
higher (or more positive) is the potential; in more reduced sjrstems the 
potential is lower (or more negative). By measuring tiie electrode 
potential it is possible to determine and follow the reducing conditions 
m cultures at different periods and to grade different systems in order 
according to their state of oxidation or reduction. This measurement 
can usually be carried out by coupling up a potentiometer with an 
electrode pair of platinum electrode (the “unattackable” electrode) 
and a standard calomel electrode. The redox potential can then be 
measured by the millivolt scale provided on most commercial pH 
meters. It should be borne in mind that the redox potential of a S3mtem 
indicates the oxidation-reduction intensity of the system itself, and not 
its capacity to oxidise or reduce some other component or system. 
Further, it must be emphasised that for a microorganism, not only is 
the redox potential of the system important but the factors contributix^; 
to this redox potential may be equdly critical. Thus a substance cap- 
able of giving up or taking in electrons may not necessarily affect a 
microorganism imless it can spatially reach certain essratial compon* 
ents of tile cell. Further, a substance, like oxjrgen, which can actuaUy 
be metabolised by the catalytic action of emymes in the cell, may 
be important through this metabolism as well as through its direct 
contribution to the redox potoitial. 

Although tile redox potential of a bacterial culture may be measured 
accurately by electrical methods, an approxinute id^ of tiie state of 
reduction may sometimes be obtained by adding various speoird dyes 
(oxidation-reduction indicators) and observing by &e cotour changes 
how much they are reduced. Such changes are in intentiiy ^ wkau, 
not (dianges from one colour to anotiier, as is tiie case witii tiie mdasaton 
used for the measurement of pH. It is found that the state of oxidatkm 
or reduction of any particular dye depends on the electrode ^otenttol, 
so that at any given pH value, if we know the electrode rntmitial of the 
solution, we c ar> calculate the degree of reduction of me dye. Ccm* 
versely, ai^ this is more important practically, if the peroent^ te^KH 
tion of the %e has been observed cototimetrica% me emmoding 
tiectrodepotmtialcanbedetetmined. Different^ ate wduoeamms 
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different ranges of potential; for instance, methylene blue at pH 7 is 
95 per cent, in the oxidised condition at £*+50 mv., and 99 per cent, 
reduced at £*—50 mv., whilst neutral red is still 87 per cent, oxidised 
at — 300 mv., and 87 per cent, reduced at — 350 mv. Theoretically it 
^ould be possible by suitable choice of indicators to measure any 
range of £*, but in practice experimental difficulties arise due to 
poising (this corresponds to the buffering effect in pH estimation), 
catalytic effects and the toxicity of the dyes used towards bacteria, etc. 
Colorimetric £* determinations do not reach the degree of accuracy and 
convenience attained in the case of pH indicators. 

A few examples will suffice to illustrate the resultsjobtained when the 
electrode potential of growing bacterial cultures are measured. In a 
culture of C. diphtturiae the initial £* of the medium) about + 300 mv., 
falls gradually and reaches —200 mv. after some forty-eight hours’ 
incubation, and the potential remains at this low level for some con- 
siderable time. With haemolytic streptococci, on the other hand, the 
potential falls from +300 mv. to —150 mv. in twelve' hours, but then 
rises fairly rapidly, probably owing to the formation of hydrogen 
peroxide. In a dextrose broth culture of Esch. coli, in which gas 
formation occurred, the potential falls extremely rapidly, reaching 
— 370 mv. after about one hour’s incubation. The behaviour of 
staphylococci is roughly similar to that of C. diphtheriae, whilst pneumo- 
cocci behave similarly to haemol 3 rtic streptococci. Strict anaerobes 
are unable to proliferate in ordinary aerobic culture media unless the £* 
is lowered to some extent. This lowering of the £*, or establishment 
of reducing conditions, may be effected in a variety of ways, such 
as removal of oxygen in an anaerobic jar or by means of a pyrogallol 
seal, or reduction may be elBFected by adding a reducii^ agent, e.g. 
thioglycollate. 

Oudation-reduction potentials and oxidation-reduction indicators 
are employed in the testing of sewage and sewage effluents, in cheese- 
making, in the keeping qu^ties of beer, etc. The metabolic activities 
of bacteria and other cells and tissues and the functioning of enzymes 
are followed by observing the reduction of methylene blue in Thunberg 
tubes. A commonly used application of this technique is in the gradii^ 
of milk and testing the hygienic quality of milk samples. The milk 
samples are incubated under standard conditions with methylene blue, 
and the time of reduction is noted. Heavily contaminated milks show 
a rapid decolourisation, whilst with good quality milk there is a long lag 
period and reduction is slow {vide p. 979). 

For full details of this important subject consult Oxidation-Redi^m 
Potentials in BacterioU^ and Biochmistry, by L. F. Hewitt, 6th edition, 
1950 (E. & S. Livingstone Ltd., Edinburgh). 


WATER 

Tap water contains many impurities and is unsuitable focJthe pre- 
paration of defined culture medi^ for chemical solutions and for man]/ 
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)ther uses in the laboratory. These impurities be largely removed 
}y distillation or demineralisation. 

DistiUed Water 

Normally distilled water is prepared in a commendal metal-lined 
still which will deliver it at the rate of ^-50 gallons per hour, depending 
an size. However, for some purposes this water is insufficienlly pure. 
Mid it may be necrasary to use an all-glass distillation apparatus whidh 
should be fitted with an efficient spray trap. It is often advisable to 
add a knife point of potassium per mang anate^ and a few pellets of 
sodium hydroxide to the tap water before commencing distillation in 
order to oxidise steam volatile organic compounds which might other- 
wise be carried over into the distillate. For some experimental methods 
such as tissue culture it may be necessary to repeat the Histillatinn in a 
glass still to give doubly glass distilled water. 

It is useful to check the purity of distilled water at times by simple 
conductivity testers. Satisfactory distilled water should have a con- 
ductivity no greater than that given by 1*5 p.p.m. of NaCl, and pre- 
ferably below 1*0 p.p.m. 

Demineralised Water 

Ion-exchange resins may be used to demineralise water. A simple 
apparatus consists of an anion and a cation exchanger in two columns of 
glass tubing about 2 m. tall and 3 cm. in diameter. A varied of resins 
are available for the purpose, e.g. Amberlite IR 120 (H) as &e cation- 
exchange resin followed by Amberlite IRA 400 (OH) as the anion- 
exchange resin.^ Tap water or distilled water is passed over each of 
the resins in turn. The columns must be periodically regenerated by 
rinsing with 10 per cent, aqueous HCl for the cation-exchanger and 
10 per cent, aqueous NaOH for the anion-exchanger. After regenera- 
tion, the columns are rinsed with distilled water until the final product 
has a neutral reaction. Commercial demineralisers are available,* which 
have the advantage of being transportable and of requiring no external 
source of heat or electricity. Demineralised water should he equivalent 
to double glass-distiUed water and should have a very low conductivity. 
However, it may carry dissolved organic compounds derived from 
[the resins. 


FLUIDS FOR CETJ. SUSPENSION AND DILUTION 

A variety of fluids are used for the su^ension of microorganisms, 
blood oe^ or tissue culture celk. These fluids should preserve, is 
par as possible, the cells in iheir original condition. The folloi^ 
Joints should be noted. 


|. * by the P^tmuth Co. Ltd.. GiantMa- 

[“ary Avnute, Lood^ W.4. 
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(1) Thiqr dunild have an osmotic pressure nearly isotonic with the 
ceU to be suspoided. This is particularly true of mammalian cells 

red blood corpuscles) where lysis readily occurs in rton-isotonic 
media. Microorganisms are generally more resistant to changes in 
the external osmotic pressure, but suspension in water or very dilute 
salt solutions may cause loss of vkbili^. 

(2) Suspension fluids should prefer^ly contain a bufl'er to keq) the 
cells at their optimum pH. 

(3) Certain ions may be necessary for the optimal maintenance of 

cdls, particularly with mammalian cells. Moreover, they may be 
teqxiir^ for certain in-vitro reactions, e.g. agglutination, complement 
fixation, etc. In some cases a source of energy such as glucose may 
be required. ' 

(4) Other additions may be made for specific purposes. 

The followii^ suspension and diluent fluids are commonly used. In 
all cases analytical grade reagents (when available) should be made up 
in distilled or demineralised water. ' 

Physiological Saline 

A solution of 0*85 per cent. NaCl in water. This solution is some- 
times called normal sdine, a term which should be discarded because 
of its chemical connotation. It is also often referred to as “saline”. 
The solution has an osmotic pressure roughly equivalent to that of 
mammalian blood serum and can therefore be used for the suspension 
of blood cells as well as most microorganisms. However, the solution 
has no buffer present and it is recommended that phosphate-buflered 
saline be used as a general suspension fluid in the laboratory. 

Bi]jSi»ed Salines 

As stated previously, it is preferable to have a buffer present in i 
suspending fluid or diluent and variety of solutions containing basicall} 
NaCl but with a buffer added have been proposed. They should al 
have a final osmotic pressure roughly equivalent to that of phyaiologica 
saline. A series of solutions can be prepared by diluting standarc 
buffer solutions of the required pH (see pp. 850-854) with physiolo^ 
saline to a strength of 0*01 M. If a gmater buffering power is required 
the concentration of buffer must lie increased and of saline decreased 

The following types of buffered saline are recommmided for variou 
purposes: 

(a) ^M^fhaiehi^ered iolm: 

NaCl 8*00 g./l. 

K^HPO* 1*21 g./l. 

KHjPO* 0*34 g./L 

This solution gives a pH of about 7*3 and also provides potatsiw 
and phoq)hate ions. Itisavefyusdidgenenldihi^Bf^Buifp^ 
flitid. 



SUSPENDING FLUIDS 859 

(b) Axide fa^.-^odium azide at a ooocmtraticm of 0-08 peroent 
is added to ph 3 wolo^cal saline or bufiexed saline. Hie asido acts as a 
preservative preventing microbial decomposition and is often used for 
the dilution of serum, etc. 

(c) Borate-calcium saline: 

NaCl 8-0 g./l. 

CaClj 1*0 g./L 

HjBOj 1*2 g,/l. 

Naafip^-lOHjO 0-052 g./l. 

This solution gives a pH of about 7*3 and is used for haemag^lutina* 
tion experiments where calcium is required and phosphate shoidd be 
absent. 

(d) Veronal-NaCl Mluent: 

NaCl 8-5 g./l. 

Barbitone 0-575 g./l. 

(diethyl-barbituric acid) 

Sodium barbitone 0-20 g./l. 

MgCl,.6H,0 0-168 g./l. 

CaCl* 0-028 g./l. 

A stock solution concentrated x5 is made up by dissolvii^r 5*75 g. 
barbitone in 500 ml. hot distilled water. Add 85 g. NaCl and make up 
to volume to about 1400 ml. Dissolve 2-0 g. sodium barbitone in 500 ml 
distilled water and add it to the NaCl-barbitone solution. Make up to 
2000 ml. Add 1*68 g. MgCls.6H,0 and 0*28 g. CaCl,. For use 
dilute 1 in 5 with distilled water. 

This saline may be used for complement-fixation tests and gives 
more reprodudble results than physiological saline. If glass tubes are 
used to contain the reaction mixtures, there may be some absorptimi cd 
complement on to the glass surfaces. To reduce this absorptton, add 
0*1 per cent inactivated rabbit serum, 0*1 per cent gelatin or 0*1 per 
cent, bovine serum albumin. 

Complesc Suspending Media 

More complex media are required for die suspension and dilution 
of microotganisms and other cells where c^timum viability must be 
maintained. For exanqile, in viable counts of many bactdia, jdiysio- 
logical saline may be to some extent bactericidal and must be re{daOed 
by solutions other ions as well as a buffer. For these ffuidS), 

prqiare t^ following solutioDS which are all isotonic mdi mamm a fi a n 
serum and be mixed in ascj proportions. The mixtuies, alduntf^ 
of different oompoMdon, will rwnain isotonic. ■ 

To nUmlify preparation and handling, the first five solutwnsosn be 

nade up in concentrathms five rimes th(»e listed. They «eatd>le far 

months when stored in die odd. 

The Ktebi*lti^ sobrions seem to be the most |enem% aiefol 
^or the suiq i fvM i fioii of cdls and ace also viAmbb rot iasi>!|r 
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bacteria. It is also possible to use Davis’s minimal medium for bacterial 
su^ension (see p. 739). If growth is to be avoided, leave out the 
nitrc^ien source (ammonium sulphate) or the carbon and energy sources 
(glucose and citric acid). 

Suspending media for tissue culture work are described on p. 1027. 






Krebs-Ringer 


g./i. 

Ringer 

Locke 

Plain 

1 

Bicar- 

bonate* 

Phos- 

phate 

NaCl 

9*0 

100 

100 


100 

100 

KCl 

11-5 

4 

4 


4 

4 

CaCl, .... 

12-2 

3 

3 

5 

3 

3 

KHgPOg .... 
MgS04.7H,0 . 

NaHCOa .... 

21*1 

— 

— ' 

i 

1 

— 

38*2 

130 

— 

3 


1 

21 

1 

0*1 M phosphate buffer' pH 7*4 


—— 

— 

-\ 

— — 

20 


» 17-8 g. Na,HPOi.2H,O+20 ml. 1 N HCl diluted to 1 1. 

* The solution should be gassed with 5 per cent. v/v. CO| in 0|, air or Nf. 


PREPARATION AND CLEANSING OF GLASSWARE 
New Glassware ‘ 

New glassware requires special attention because of the resistant 
spores wUch may be present in the straw and other packing material 
and also because it tends to give off free alkali which may be sufficient 
to interfere with the growth of certain organisms. Consequently it 
should be placed in 1 per cent. HCl overnight, washed in tap water and 
distilled water and autoclaved. 

Screw-capped bottles (described later) are subjected to a special 
cleansing process by the makers whereby surface alkali is removed, 
and the above treatment is unnecessary. The bottles may be used 
without further treatment, as received from the manufacturers. 

deflating of Glfltswflre for Generfll Laboratoiy Use 

Glass containers \rith discarded* cultures can be placed in 3 per c«it- 
lysol idker use or transferred directly to boiling soap sdutions. Con- 
tainers with tubercle bacilli or spore-bearing oiganisms sudi as JB- 
antkrads, B. subtiUs or Cl. tetani must be autotdaved. The discarded 
cultures and their containers are then boiled for one hour in a 5 per cent 
solution of a good quality sifft soap in either ttq) water (if it is somdently 
soft) or distilled or demineralised water (if tiie tap water is hard). The 
^awware is cleansed with a test-tube orush (or other suitable brush) 
and well rinsed in hot and cold water. Agpin, if the ^ water is hard 
and contains a considerable amount of caloum salts, rinring in thatiOed 
<Hr demineralised water is necessary. Hie glassware is tiun dhnseil to 
<huin and is dried in a hot-air mm or cabinet 





CLEANING OF GLASSWARE 


m 


Wasllil^; ot Tissue Culture Tdbes 

Since tissue cells are particularly sensitive to minute traces of toxic 
substances^ meticulous care is essential in cleaning glassware for tissue 
cultures and it is preferable to use hard ^ass {t.g. Pyrex) tubes, flasks 
and containers. The following cleaning method been found 
satisfactory. 

(1) Autoclave with rubber bungs in situ after use. 

(2) Remove bungs and rinse tubes in hot r unnin g tap water. 

(3) Boil for twenty minutes in demineralised water in a boiler widi 
soapflakes (one handful to about five gallons). Small tubes are boiled 
in an enamel basin on a gas-ring. (Rinse water from the demineraliser 
may be used for this purpose.) 

(4) Brush the tubes as removed from boiler (preferably with a motor- 
driven nylon brush). Do this while the tubes are hot or serum remains. 

(5) Rinse in hot running tap water or in demineralised water tf ^ 
local water is hard. 

(6) Transfer tubes into hot demineralised water containing an 
inorganic detergent. Thoroughly wash in this by emptpng and filling. 
The following solution can be used: 

Sodium hexametaphosphate . 40 g. 

Sodium metasilicate (technical) . . 360 g. 

Demineralised water .... 1 gallon 

Dissolve and allow to stand overnight. Dilute 1 in 100 before use. 

(7) Rinse in hot running tap water at least four times. 

Rinse three times in demineralised water. 

(8) Drain and dry in drying cabinet. 

(9) Dry-sterilise at 160° C. for three hours in racks with the tubes 
either metal-capped or covered with aluminium foil. 

Rubber bm^ should be treated as follows after autoclaving: 

(1) Rinse in hot tap water. 

(2) Boil for 20 min. in 20 per cent. NaHCOg. 

(3) Rinse in hot tap water. 

(4) Boil for 20 min. in 20 per cent. HCl. 

(5) Rinse in hot tap water. 

(6) Pack in layers separated by lint in tins or glass containers and 
autoclave. 


of (Hassware Biochemical Work 

(1) Remove any grease with petroleum. Wash with warm tap wa^. 

(2) Place in dichromate-sulphuric add cleaning solution for 

12-24 hr. 

(3) Remove, washing by rinsing in hot tap water at least four times 

in wter twicc« 

(4) Diy in oven if the glassware is not need for aocutate volurndwic 
purposes. 
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I>ichromate^iil{dniric Acid Cleaning Solution 

Dissolve 63 grams of sodium (or potassium) dichromate by heating 
urith 35 ml water. Cool and add concentrated HiSO« to 1 litre. 
Technical grade reagents may be used. 

This fluid shoiild be lumdled with care. Preferably rubber gloves 
and an apron should be worn. If clothes or skin are splashed wifli the 
fluid, they should be immediately washed in water, and any residual 
acid noittalised with sodium carbonate solution. This, in time, is 
washed off with water. 


Cleaning iff Pipettes 

(1) If contaminated with infective material, discara the used pipette 
into a 3 per cent v/v lysol solution and leave until coii^enient to wash. 
(The lysol solution is best contained in a rubber cylinder about 15 in. 
high and 4 in. in diameter. The points of the pipettes are not liable to 
be broken when dropped to the rubber bottom of the cylinder.) 

(2) Rinse in tap water. 

(3) If necessary, steep overnight in dichromate-sulphuric acid 
cleaning fluid. 

(4) Wash with tap water in an automatic pipette wfuher. 

(5) Connect the pipette to a water pump by rubber tubing and draw 
through distilled or demineralised water followed by acetone. Finally, 
suck &ough air tmtil the internal surface is quite dry. 

(6) If required, the top end of the pipette is plu^d with cotton- 
wool; this is pressed entirely witlun the end of the pipette so that tiiere 
are no protruding strands of cotton to prevent dose fitting of a rubber 
teat or mouth-piece tube which may be later attached to operate the 
pipette. 

(7) To sterilise the pipettes, pack them in copper cylinders with 
slip-on lids or in lengths of wide-bore glass tubing stoppered with 
cotton-wool. Place in a hot air oven at C. for 60 min. 

Nate . — ^Accurately calibiated volumetric glassware diould never be 
heated in an oven, since the expansion and contraction of the glass 
makes the graduations inaccurate. Such glassware should be kept 
separate from that intended for sterilisation. 



CHAPTER SI 

PHYSICAL AND CHEMICAL METHODS: H 


CENTRIFIJGES, PHOTOELECHUC COtWMETERS 
AND METHODS OF COUNTING BACIEBIA, 
MEASURING BACTERIAL GROFTIH AND 
PREPARING CELL-FREE EXTRACTS 


CENTRIFUGES 


Tiffi best method for ^ separation of a microorganism from its suspendiog 
fluid is that of centrifugation. This is carried out in the centrimge, an 
apparatus for the separation of two substances of different density by centri- 
fugal force. 

The rate of settling r (cm./sec.) of spherical particles of densiQr ip and 
of radius a (cm.) in a medium of viscosity (c.g.s. units) and of denaty dm 
is given by Stokes’ law: 

_2a'c(ip—dm) 


where o is the acceleration due to gravity f981 cnu/sec.^). 

From this equation, it is evident that me rate of settiing of a partide will 
be increased by the fbllowii^ factors: 

(1) An increase in the size of the particle. Thus, larger microorganisms 
like yeast and fungi will sediment faster than bacteria which, in turn, wBl 
sediment faster thw viruses. Note that the size of the pattides is squared 
in the equation and thus an increase of the radius of the partides by a factor 
of 2 will increase the rate oi settling by a &ctor of 4. 

(2) An increase in the difference between the density of the partides dp 
and that of the medium im. Thus a capsulate bat^erium will have a lower 
average dennty and be more difficult to sediment than its non-capsubte 
variant 


(3) A decrease in the viscosity of the medium. For esunfde, vdaen 
defibrinated blood is being washed (vide p. 933), the first sedimentation of 
the corpusdes from the viscous serum twes much longer than when tiie 
corpusdes ate suspend in saline. 

(4) An increase in the force due to gravity. This force is incr eased 
artificially in the centrifuge. The degree by wmch tiiis force is increaa^ is 
measured by the rdative centrifugal force (RCF) vdiich can be obtdoed 
by tile following fomnila: 


RCF (in o)» M18 x 1(H x R x JV», 

where Raithe radius of the cent rifug e in cm., being the distance fimn foe 

tentre of tite oentrifbge shaft te tite tip of tile centrifuge tube: iVa* revolutions 

per minute (t 4 Mn«). 

From tMs eipuifikm, it is evident tiiat the qteed of the ceotrifu^ bd^ 
squared, ia very impmtant in determining the rote of sedimmitamm. M* 
fitough on b t e r ra w in tihe radiss of the madifate wfil incttnae^ uie nrte of 
®«dimetitetion, it is more rfSdent and thnpler practical^ to incwtifo lip 
speed. Htmw«r,Rfoiiwstio|wrtaatfoes^^ 
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according to the maximum RCF rather than the speed itself, which, 
without specification of the radius of the centrifuge, is meaningless. The 
calculation is simple. Thus, a centrifuge with a radius of 20 cm. and a speed 
of 40W r.p.m. has an RCF of M18 x 20 x (4000)* x 10-5 « 1788 G., say 
1800 times the force of gravity. Consequently, particles will sediment in this 
centrifuge at a rate 1800 times faster than in a tube on the bench. 

Types of Centrifuges 

A variety of centrifuges is now available and the choice of a suitable model 
depends upon the following factors. 

(1) The size of the particles to be sedimented. / As shown previously, 
the smaller the particle, the greater will be the FCB and time required for 
centrifugation. Machines can be obtained commeraally with speeds up to 
about ^,000 r.p.m. and RCFs of up to about 200,000 o. Generally 
speaking, yeasts and ftmgi require a centrifuge with! a maximum RCF at 
least 1000-2000 g., bacteria about 2000-4000 G., and mruses about 50,000- 
150,000 G. At higher speeds (RCF above about 4000 G.), glass tubes are 
apt to break even if surrounded by a rubber sleeve or a layer of water. Stain- 
less-steel tubes may be supplied for the most exacting strength requirements, 
that is for the very highest speeds and centrifugal forces and for maximum 
resistance to corrosion. However, for most purposes, plastic tubes of 
cellulose acetate, nylon or polythene can be used. In order to prevent 
deformation of these tubes under high centrifugal forces, caps should always 
be used and the tubes should be ^y filled. The ijnain disadvantage of 
plastic tubes in microbiological work is that they canhot be sterilised in a 
hot-air oven like glass tubes. Even boiling tends to cause deformation and 
it is recommended that the insides of the tubes and caps be exposed to 
ultra-violet light for sterilisation. 

(2) The volume of material. Centrifuges can be obtained with capacities 
of up to at least 15 1. The fluid to be centrifuged is contained in tubes or 
buckets, the number and size of which is subject to a wide variation. For 
very large amounts of material, continuous-flow machines are available. The 
fluid to be centrifuged is normally continuously passed along the inside of a 
rotating tube. The particles sediment very quicldy in the thm layer of liquid 
pasring along the sides of the tube and the supernatant passes out of the 
machine to 1^ collected. Continuous flow centrifuges (e.g. Sharpies) of thh 
type are common in industry, but are not often used in the laboratory. 

(3) The ease with which the particles form a hard pellet at the bo^m oi 
the tube. Many centrifuges are of the angle type in which the tubes, instead 
of being allowed to swing out md rotate in a horizontal plane, are fixed at 
an angle (from 20®-45®) on the rotating head. The advantage of the anguk 
portion IS that particulate matter is rapidly separated and concentrated 
v/iib consequent saving of time. This is b^use the particles have to travers 
only a ^ort distance before deposition on the sides of the tube, after whicl 
they slide to the bottom. The tubes are encased in a metal head, which ij 
its rotation offers slight reristance to air and so obtains greater speed and i 
less Uahle to warm up due to friction. A disadvantage is that a ^*line’* o 
depotited material may remain adherent on the peripheral waU of the tube 
ana when the suspending fluid is removed it is mfBcult to avoid contanun* 
tion cau se d by turbulence* 

(4) Tbe tnnpentare neqtwed for ceotrift^^ation. In OuM twidogic) 

$yitm§ it it tdvtntageow and often ettential to oe&trifoge*kHow tmp(^ 
tom. TUt prevents in!t«3)olitD), Um (tf or 
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centrifugation, Conse<]|uetitly, i^rigeration units are built into many of the 
larger centrifuges. This is psuticularly important in high*o$peed centrifuges 
where the temperatu^ may riro due to friction unless refrigeration is used. 
In many machines it is possible to obtain temperatures down to about 

For a routine bacteriological laboratory, a small bench centrifuge talrlng 
10-20 tubes of capacity 10-30 ml. at a maximum RCF <rf about 3000 o. is 
essential. It is, however, convenient to have a centrifuge that will hold 
the standard 5-in.^ test«tube and stopper used in routine bacteriological 
culture, thus avoiding the need for transference to a proper centrifuge tube. 
For more general and research purposes, larger machines are available, with 
or without refrigeration and with speeds up to about 6000 o. To centriftige 
rickettsias and viruses and for special research purposes, speeds up to about 

150.000 o. are required. For such high-speed ultracentrifuges (above about 

20.000 r.p.m.), the centrifuging compartment must be held in vacuo in order 
to reduce friction, and vacuum pumps are included. 


Method of using the Centriftige 

(1) Tubes must be put in the centrifuge in pairs that have been accur« 
ately balanced. The members of a pair of tubes must be placed diametrically 
opposite each other. If there is an odd number of tubes, a balance tube 
coataining water must be prepared. If the buckets are removable from the 
centrifuge, they should be balwced vrith the tubes. With a pipette or plastic 
washing bottle add a little water to the lighter bucket, not the tube, until 
the two sides are balanced. 

(2) Before putting tubes into the buckets, make sure that the rubber 
cushions or sleeves are in position at the bottom of the buckets. Otherwise 
' reakages are liable to occur. 

(3) Precautions must be taken to ensure that the cotton-wool plugs of 
ulture tubes are not forced down into the tube during centrifugation. In a 
iving-out head, fold the upper portion of the plug over the mouth of the 
ibe and secure it with a rubber band. With an angle centrifuge, it is 
ufficient to splay out the top of the plug. However, even when thecot ton- 
mi plug is secured in this way, cotton fibres become detached and can be 
een microscopically in the centrifugate. In order to avoid this, aluxmnium 
r stainless-steel caps can be used to keep the tubes sterile. Alternatively a 
crew cap without a washer can be placed over the mouth of the tube, the 
ize being a loose fit. (For ordinary 15 ml. tubes, the M2 screw cap of a 
•055. “bijou’* bottle is convenient.) 

(4) After the tubes have been placed in position, make mxc that the 
bud&ets in a swing-out head are properly seated on the rings and are 

fee to swing. 

(5) Close the lid and make sure it is secure* The lid must not be te- 
t^oved when the centrifuge is ruimii^. Apart from the danger of an open 

a decrease in speed due to “winding” wiH ensue. 

(6) Make sure that the rheostat is back to the positi<^ (Some 
'^^^fuges have an aut ofnaric swit^*off unless this is so. This preveuta 
‘train by inadvertently avd^ching on with the restatance out oCcircfilt.} 

(7) Start the motor increase the speed by ta&hm tibe 

c out by means of &e rheoatat* Pause at intervals to allciw the maomue 

° gather ap^ ijAtU die nsttoM ^ pfWgm 

<^ed out die ife ol the ceolrifiiglB ^ be woddaMj 

I 3 1 
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Some machines have a buUt«-in revolution counter, while in Others the 
rheostat must be calibrated by placing a tachometer on the rotating spindle. 

(8) When the tubes have been centrifuged sufficiently, swilm off the 
motor and then bring the rheostat back to the zero position, ^me centrifuges 
have an automatic timer built in which will switch off after the required 
dme-intervaL 

(9) Allow the centrifuge to come to a stop. Never slow the rotating head 
with your hand as brake. This wiU tend to redisperse the centrifugate 
due to turbulence and may cause serious injuries. Wait until the machine 
has stopped before attempting to remove the tubes. 

(10) Periodically (f.g. once a week or once a fortnight) a centrifuge should 
be lubricated according to the maker's instructions, j 

The Washing of Bacteria and Other \Cells: 

**Wa8hed Siiq>ension8’* 

The cell suspension is centrifuged at a suitable speed and preferably at a 
low temperature. Microorganisms grown on a solia medium are first 
suspended in liquid by scraping off the surface of the agar with a curved glass 
rod into a small volume of a suitable suspending fluid. (This suspension may 
be contaminated with lumps of agar which can be removed by filtration through 
cheesecloth.) The pellet of cells at the bottom of the centrifuge tube is 
resuspended and centrifuged. This washing process is repeated once or more 
to free the cells from the original suspending medium. The cells are finally 
made up to the required volume in the required solutioiu 

For metabolic experiments, the cells are washed in a medium similar u 
composition to the culture medium but with one or more component 
omitted so that growth does not occur. The 'Vashed suspension" so ob 
tained is particu&ly suitable for experiments on catabolism; a substrate am 
bidfer are added so that the breakdown of the substrate can be studiei 
uncomplicated by growth processes or by the metabolism of other substrates 
However, it must be realised that some activities "decay" rapidly after, c 
during, the preparation of the washed suspension. 


PHOTOELECTRIC COLORIMETER 
AND SPECTROPHOTOMETER 


One of the simplest and most accurate methods of measuring the quantii 
of a microorganism depends upon a turbidity measurement, just as mar 
of the qiuantitative micro-methods used in biochemistry depend upon tl 
measuranent of the depth of colour in a solution. For such measurement 
a pix^lectric colorimeter or spectrophotometer is sisiipler and more accurai 
tton visual comparison. It is riso much quicker and free from many person 
factors, such as eye fatigue, colour blindness, etc., which arc ii^rent i 
visual metboda. 

The theory of die instniment as a colorimeter depends u{^n ^ appto 
tion of Beer'a Law, which states that the extent of diminutbn in light n 
tenrity on passing through an absorbing material depends upon the natuj 
and concentratbn of the absorinng matuial and upon the let^ of the W 
path« llris can be expitnsed as 
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where I is the intei^ty of the beam after paasii^ through the sohitioo^ Jo is 
the incident intensity) e is the extinction coCT.cient depesu&ig ii|> 0 (n the 
particular chromogen) c is the concentration of the chromogen ^<^4 I is the 
length of the light path through the solution 

It is pCMibie, diereforC) to determine the concentration of a substance 
by measuring /o/J in a vessel of standard dimensions. In photodlectric 
colorimeters and spectrophotometers, light inteninty is measured by photo- 
electric response which can be made directly proportional to the quantity 
of light falling on the photoelectric oeU. 

Two main types of instrument are available. 

(1) Single-cell Apparatus 





A 


(2) Twin-cell Apparatus 
The following points should be noted: 

(1) It is essential that the intensity of the source of light L should remain 
constant during a reading. A main suspply is subject to sudden changes of 
voltage and should be used only wi^ a constant-voltage transformer. 



Fig. 67 

Alternativelyi an scGuniiilator c an be need. With a twin^celled initrutii^s|^ 
changes in ughi intensity affect both cells equally and therefore no omit 
involved) In a ^iiigle-oetled instrume^ 

the fdanh sdhiidon altior etch deterxmnstiom 
(2) The co inRtf l^ser W iseftates the part of the spedrum where absorpuen 
oluQiihQgcn js A fiher is 8«tocted 

hght ciiB«an«|«au TImm» if tiMt MmtMH 
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is bhie, a red filter should be used. The narrower the range of wavelength 
transmitted, the more can interferen^ by other compound be eliminated* 
In a speorophotometer, a prism is built into the machine and selects %ht of 
a small wavelength band. 

(3) In the twin-celled instrument, a half-silvered mirror HM and a 
mirror M are used to split the light into two approximately equal beams. 

(4) There is an adjustable slit 5 in the light path. 

(5) The cuvette or tube C containing the solution should be of standard 
len^ of light path. 

(6) Light falls on the photoelectric cell or cells P and the current generated 

is measured by a microammeter A which is usually calibrated in a log scale 
permitting direct reading of log lojL In some twd-celled apparatus, a 
calibrated slit is placed on one side of the slit and is adjusted to give no 
deflection on a galvanometer. \ 

Directions for the use of a particular machine can bje obtained from the 
makers. In all cases a blank solution is used in which the chromogen would 
be dissolved. A calibration curve should be constructeu of the reading of 
the instrument (log loji) against known amounts of chrWogen. If Beer’s 
Law is obeyed, a straight line will be obtained. Unknown samples are 
compared with the plot. 

The use of such instruments for turbidimetric measurements of bactenal 
numbers is considered later (pp. 872-873). 


COUNTING BACTERIA AND MEASURING 
BACTERIAL GROWTH 

The method used for determining the amount of a micro-organism present 
in a suspension depends upon the kind of information required. In particular, 
since no constant relation exists between the ratio of increase in protoplasmic 
mass to rate of multiplication, it is necessary to distinguish clearly between 
methods which measure multiplication (e.g. total count) and those which 
measure growth (e.g. total nitrogen content, dry weight, etc.). 

Methods of Counting Bacteria 

(1) Total Count 

Microscopical count 

A total count of the living and dead bacteria in a liquid culture or suspen- 
sion is made microscopically using a slide counting chamber, A suitable 
chamber (as supplied by Hawksl^ Ltd., London) consists of a thin glas^ 
slide with a flat, circular platform depressed exa^y 0*02 mm. below the 
surface and surrounded by a deeper **trench”. An area of 1 sq. mm. on the 
platform is marked with a Thoma-type grating of engraved lines into 400 
small squares (each 0*0025 so. mm.). The chamber is closed with a thick, 
optically-plane coverslip. Wnen the space between platform and coverslip 
is filled with a bacterid suspension, the volume over each smali square is 
0*02x0*0025 carnn., 0*000,000,05 ml The average number of MCtena 
per square is calculaied from counts made in sufficient squaies 100) to 
yield a signsficant total number of bacteria 100-1000, premrably over 
300). Cmmts are best made in piepaiations having 
pet square (f.a. 40-200 million p^ mt^* For bacteria occurriw in prirs, 
d i a in s or dusters, an ^*indtviduiu cell oomt^* tarn be made ofw the cells, 
m a *^g|K>up count^* of the groups plus any iaolateo sin^e odOs* 
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/Vo(3e^c.~-(l) Fix the bacterial auspenaion by addiiu 2 or 3 dnm <rf 
40 per cent, formaldehyde per 10 nd. Mix thoroughly. If the 
is too dense, prepare a measured dilution in the range 40-200 mininn 
per ml. 

(2) Wash, rinse, dnw and diy the counting chamber and coverslip. 
Keep than covered until use, free from grit and dust 

(31 Place a small drop or loopful of the auroenuon ««i the centre of the 
chamber jdatform and apply the coverslip. Ihe aiae of the drop must be 
such that it will fill the whole space between jdoform and coverslip, yet 
not ex^d across the “t«nch” to float the coverslip from the slide. The 
coverslip must be^ applied closely and evenly; it is pressed down until 
coloured **Newton s rings” are seen uniformly distributed over the areas 
of contact. 

(4) Examine the preparation with a phase-contrast microscope, using 
the dry, J in. objective; this shows the unstained bacteria clearly and enables 
their distinction from detritus. Alternatively, a dark-ground microscope 
may be used, or an ordinary microscope with the iris diaphragm closed or 
the condenser slightly defocussed (it may then be helpful to stain the bacteria 
by prior addition of freshly filtered methylene blue to a concentration of 
0‘1 per cent.). 

(5) Count the bacteria in a sufficient number of squares to obtain a total 
of several hundred bacteria, selecting the squares in a pre-arranged pattern 
(e.g. all in every fifth row). Focus at different levels for the bacteria that have 
not settled ; most settle on the platform in 5 or 10 min., but some adhere to the 
coverslip and a few remain in suspension. 

(6) Calculate the average number of bacteria per square. Multiply this 
by 20,000,000 and by the ffilution factor, if any, to obtain the count per mL 
in the original suspension. Count two further preparations of the same 
suspension, and unless discordant, take an average of the three results. 

If the original suspension contains much less than 40,000,000 bacteria 
per ml., a haemocytometer with a 0*1 mm. chamber may be used so as to 
obtain a significant count in fewer squares. An ordinary microscope is used, 
the bacteria are stained and the preparation is left for twenty minutes before 
counting so that most bacteria may settle on the platform. 


(2) Viable Count 

{a) Paar«plmle method 

The number of living bacteria or groups of bacteria in a liquid culture or 
suspension is counted by a cultural method such as the ^ur^fiau method* 
A measured amount of the suspension is mixed with mmten agar me^um 
in a Petri dkh. After setting and incubation, the number or colomes is 
counted As a compromise between sampling and overcroti^ng errors, 
counts of pure cultures should be made on plates inoculated to yield between 
SO and 500 colonies (ideally 200-400). ... 

Procedure*— (1) Prepare serial tenfold dilutions of the bacterial suspension 
oyer a range ensuring that one ^ution will contain between 50 and SW 
viable bacteria per Use a diluent suitable for the organism concerned, 
buffered ssUm, Ringer or Locke's solutions. Pipette 9*0 ml. an^^ 
of diluent i n to each of several (6^9) sterile test tubes. Mix imifomily the 
bacterisl suspmsbn (vimrcms s h s ki i i g may disrupt c^ groups am 

^ a gterile 1-iaL delivering pipette, tumfer 1*9 m 
**»pen*kMi into tbe fint tube «f dBUient (fill Bad ^ 

*'»pea*k«i Bevenl befbre ^thdnnwag bam ihe OBipiw owmOBti 
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reimve any excess drop from the outside of the p4>ette and then slowly 
detiver its contents into the tube of diluent, touch^ the wail of the tube 
but not dipping into the diluent). With a fresh sterile l->ml« pipette, nux the 
tot dilution by filling and emptying several times, and then transfer 1*0 ml. 
into the next tube of diluent. M&e the remaining dilutions in the same 
way, using a fresh pipette for each. 

(2) Starting wi^ the greatest dilution, pipette 1*0 ml amounts of each 
dilution into each of three 4«in. Petri dishes. Then pour into each dish about 
10 ml. of clear nutrient agar, melted and cooled to 45-50® C. At once mix 
by rapidly moving the plate, while fiat on the bench, in a combination of 
side^to-side and circular movements in (Merent directions; continue for 
about ten seconds, taking care not to spill any of the atents. Allow the 
agar to set and incubate inverted for two days at 37® C or as most suitable 
for the species examined. 

(3) Count the colonies in the three plates that were loculated with the 
dilution giving between 50 and 500 colonies per plate (s^ ^p. 968 for counting 
methods). Multiply the average number per plate by dilution factor to 
obtain the viable count per ml. in the original suspension.^ 

{b) Surface viable count by spreading method 

A surface viable count is made when the bacterium is best grown in surface 
culture or on an opaque medium. Prior to inoculation, the plate of medium 
is dried for at least two hours at 37® C. with the lid ajar; it should then be 
able to absorb all the water of the inoculum within about fifteen minutes, 
i.c. before the bacteria can multiply. Tenfold dilutions of the bacterial 
suspension are made as for the pour-plate method. A suitable volume of 
each dilution, e.g. 0*1 ml., is pipetted on to the surface of each of three plates 
and at once spread widely with a fine wire loop. The viable count is calculated 
from the average colony count per plate. 

(c) Surfiace viable count by Miles and Misra method 

Alternatively, by the method of Miles and Misra (193S), the inoculum is 
deposited as drops from a calibrated dropping pipette. Each drop, 0*02 ml. in 
volume, is allowed to fall from a height of 2*5 cm. on to the medium, where it 
spreads over an area of l*5-2*0 cm. diameter. Each of six plates receives one 
drop of each dilution in separate numbered sectors. Counts are made in the 
drop areas showing the largest number of colonies without confluence (up to 
20 or more); the mean of the six counts gives the viable count per 0*02 ml of 
the dilution. 

Because of variations in average cell sixe> bacterial counts do not bear a 
constant rdationahip to the amount of pititoplasmic growth. The amount 
of protoplasm is better gauged by an oi»mity measurement, weighing or a 
total nitrogen estimation. 


Mctbodi of Mauwffi^l Gfowtii 


(1) Ccattrifiigifloii 
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(2) Wat Weight 

Anpitouiits of culture for inoculatioii of animals are sometimes measured by 
wet weight. The moist surface growth on a solid me^um is scraped from 
the medium and weighed at once« However, such estimations are inaccurate 
because of the difEculty of evaluating the relative contributions of water 
wetting the bacterial surface and mtracellular water* Further^ in bacteria 
forming capsules and slime, the wet weight may greatly overestimate the 
amount of protoplasm, since it includes the weight these highly hydrated 
extracellular substances. 


( 3 ) Dry Weight 

The weight of the dried solid matter of bacteria affords a better measure 
of their protoplasm. The cells from a known volume of culture are washed 
free from soluble salts, nutrients and waste products by centrifugation in 
distilled water (p. 866 ). It is assumed that no lysis occurs during this process. 
The whole or a known proportion of the washed cells is placed in a weighed 
vessel and weighed again after drying to a constant weight by heating in an 
oven, e.g, St 120® C. for about three hours. Cool after each heating in a 
desiccator over P 2 O 5 and weigh quickly to prevent absorption of water. 


(4) Total Nitrogen 

One of the most reliable and constant methods of measuring the amount 
of bacterial protoplasm for metabolic measurements is by an estimation of 
the nitrogen present in the nitrogenous components of the cells, t\e mainly 
proteins and nucleic adds (nitrogen content about 16 per cent). The cells 
from a known volume of cidture are washed by centrifugation to free them 
from nitrogenous constituents of the medium and from extracellular ex- 
cretion products. The total nitrogen of the cells is then estimated by the 
micro-Kjeldahl method. The cells are digested with sulphuric add using a 
CuS 04 -K 2 S 04 - 8 elenitun catal^t. The ammonia produced is removed after 
making the solution alkaline oy steam distillation in a suitable still (e.g. a 
Markham still}, trapped in 2 per cent, boric add and estimated dther by 
titration or colorimetrically after the addition of a suitable reagent (e.g. 
Nessler reagent). 

Instead of measuring the total nitrogen content of the cells, it may be 
preferable to measure the total non-dialysable nitrogen content. A me^u(ed 
volume of a washed bacterial suspension is placed in a length of dialyris 
cellophane tubing tied off at its lower end. The bacterial enzymes are in- 
activated and the cdl n^mbranes burst by immersing the sack in boili^ 
water for a few minutes. The sadt is then dosed tighfly on iu contents py 
tying the upper rad. It is placed for a period of 24 hours in a jar of runiiii^ 
tap water, or in a huge volume of distilled water. The fluid inside the dialysis 
^ack is removed by cutting one end wd the volume noted for changes 
during dialyris* The nitrogen content is then determined as described. 


( 5 ) Turbidity 

Brorn^s Opmity Tsfter,— Awmplemethodof detenmning 
J^umber of bacteria in a suspendon is by means of standard turlitdity tubes 
nuchas the Brown smdeafmo^ llus consism fo comperh^ 

^parity of the mmmkm wi A th«t of a aeries of ten standard tabes oontmte 
different dihifloni pf appended barium sutyhate^ aanpeftsion b# 
up case it must be wdtt shslM bdfee bhe* 
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natively a stable suspension in gelatin can be used prodded a preservative 
is added. In making comparisons the bacterial suspension should of course, 
be pla^ in a tube of sinular dimensions to the standard^. The matching 
is facilitated by reading printed letters through the suspensions. 

The table gives the numerical equivalents of the opacity standards for 
certain organisms according to Cunningham and Timothy ( 1924 ). 

It must be realised, however, that l£ese figures may be inaccurate owing 
to the method of counting that was used. Further, the opacity of a bactenal 
suspension will depend not only on the number of bacteria and the species 
of bacterium but also on the strain and the conditions of growth, which both 
affect cell size and density. It is advised that if opacity tubes are used, they 
should be calibrated for the particular organism ai]|d growth conditions 
being studied. 


Showing the Relation of the Opacity of Brozm's Standards to the Numerical 
Equivalent of various Bacteria estimated by means of the Hw^macytometer Method 
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The figures represent thousands of nullions per ml. 

Standard opacity tubes with the corresponding tables are supplied by 
Burroughs WeUcome & Co. 


Uai OF A Photoelectric Colorimeter or Spectrophotometer.— The 
turbidity of a suspension is caused by the light scattered by particulate 
matter during its passage through the suspension. Clearly, accurate measure'' 
ments of turbidity and hence bacteHal growth, can be obtained in two ways. 

(1) By measuring the amount of l^ht scattered directly, a procedure 
occasion^ called nephelometry. This is rarely used in practice. 

(2) By memuring the light lost from the beam by scattering. Light 
absorption is assumed to be absent Thu loss can be measured accurately 
in a photoelectric colorimeter or spectrc^hotometer where a relation siiniiar 
to Beer’s Law applies. The expression u the same as that on p. 866 except 
that tfK term extinction coefficimt is replaced by a constant called the 
turbidity coefficient A standard plot can be made of log /o// against either 
tibe total nitrogen content or die dry weight The conoentratian bictori^plite 
mainly to protoplasmic maw aa the sine of the otgantsma as vrall as dieir 

detmmines nirbidity. ' — ‘ 

The ffilhnsing points menid be noted: 



CELL^FREE EXTRACTS B73 

(1) The calibration curve applies only to a particular orgmimgrmmwriar 
a particular set of growth conditums* A new curve must be preftared if a 
change is made in either of these. It should be noted that the shape of an 
organism as well as its size will alter turbidity. Further, cells grown in a 
medium to give a high carbohydrate or fat content generally have a high 
turbidity per cell. 

(2) Use a neutral or a blue fflter. In a spectrophotometer use a wave*- 
len^h of 5400 A. Light scattering increases very greatly as the wavelengtih 
decreas^, although it is not advisable to use too low a wavelength since light 
absorption will become increasingly apparent. 

(3) For the blank use the suspending fluid. The growth medium ran be 
used provided the absorption is not altered by growth of the organisms. If it 
is altered, the cells must be washed and resuspended in fresh solutions. 

(4) At low concentrations, a linear calibration plot should be obtained, 
but at higher concentrations a considerable departure from a straight line 
will normally occur. High cell populations cannot be determined unless 
they are first diluted to a suitable range. 

(5) The suspending fluid must be the same as that used for the prepara*^ 
tion of the calibration curve. 

Turbidity estimations in this way are the easiest and the quickest way of 
calibrating a bacterial population and they are accurate for comparative 
studies provided the above points are borne in mind. 

THE PREPARATION OF CELL-FREE EXTRACTS 
OF MICROORGANISMS 

In order to study the chemical and antigenic components of micro- 
organisms and particularly to study their enzymology, it is necessary to lyse 
the cell and to liberate their internal contents. This lysis will be accompanied 
by varying degrees of disintegration and solubilisation of cell components 
{e.g, the cell wall, cytoplasmic membrane, nucleus, etc.). It is preferable to 
use methods whic^ avoid too much denaturation of the high molecul^ weig^ 
cell components. Thus, any raising of the temperature during lysis should 
be avoided. After lysis, intact cells and cell debris can be removed by 
centrifugation together with any abrasives added to aid disintegration. Before 
this process, it is often useful to add a small quantity of deoxyribonudeaae 
to reduce the viscosity due to deoxyribonucleic add.^ 

Various methods have been devised and are discussed in more detail 
by Hugo (1954). 

(1) Autolysis 

Many cells undergo autolysis under suitable environmental conditions* 
The rate of this autolysis varies according to the i^ture of the organism and 
the surrounding medium. However, due to their mecbsnicj^ strong odl 
wdl, autolysis in bacteria is usually slow and is rarely an effective methM for 
preparing a cell^free extract. 


(2) Induced Lysis 

Various agents have been used to induce lysis in cells. The best methods 
for studidng (XHnponents of the protoplast depend upon the use of 
specific for cell-waD destruction. The enzyme lysozmie obtaii^le iw 
egg-white, tearg, saliva and other body fluids breate do;^ Hnlto ^ w effl 

waU so that, fo the absence ofan osmotic stabflimr, the 

ll^^sQayme ada only on a restricted range of hacteria. Other enaynsea haya 
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aldo been used for tUs purpose as has bacteriophage ‘lysis from without” 
and complement in presence of the specific antibody. 

(3) Eztittctioii of Dried Celk 

When a cell suspension is dried, the cytoplasmic membrane is usually 
damaged so that the permeability properties of the cells are changed and 
intracellular constituents can be extracted by suitable buffer solutions. Two 
methods of drying have been used commonly. 

(a) Preparation of acetone powders. A thick bacterial suspension is 
added to at least ten volumes of acetone previously cooled to — 10® C. Stir 
the mixture vigorously. Allow to settle for ten minutes and decant the 
supernatant Filter on a Buchner funnel and wash wth cold acetone and 
ether. Dry in air on a filter paper. 

(i) Lyophilisation (f.e. freeze-drying; see pp. 806-8^). 

(4) Grinding with an Abrasive 

A very simple method of producing a microbial ce]!^-free extract is by 
grinding in a pestle and mortar with a suitable abrasive. A thick paste of 
bacteria is mixed with two to ten parts by weight of abrasive, the proportions 
varying with the organism concerned. Suitable abrasives are powdered 
Pyrex glass, polishing alumina or carborundum and the particles should have 
an average diameter of about 1 fi. About 5 g. of the mixture b chilled in the 
mortar and is ground vigorously for about 5 min. in a cold room or ice-bath. 
A suitable buffer is added before centrifugation. 

There are also a niunber of machines available thai will carry out a 
mechanical grinding by movement of the mixture of abrasive and bacteria 
between opposing glass surfaces. 


(5) Shaking with Glass Beads 

The cells are shaken vigorously with smooth glass beads. A suitable 
machine is the Mickle disintegrator^ and suitable bea^ are those incorporated 
into beaded projection screens.^ A roughly equal weight of glass be^ and 
a fairly thick bacterial suspension are placed in the Ssintegrator tube and 
are sh^en for 15-60 min. d^ndine on the organism. It is preferable to 
place the whole disintegrator in a cold room for this stage. The beads can 
then be separated on a sintered glass filter. 

This method, although it causes inactivatbn of many enzymeSi is par- 
ticularly suitable for the preparation of cell walls. 


(6) Extnisioii through ji Small Orifice imdet Preasiire 

If celb are driven through a narrow orifice under a very high pressure 
applied for a short interval m time, disruption and lysis often occurs. The 
Hughes* press’ can be used for this purpcM. A thick paste of cells prepared 
wirii or without a suitable abrasive, is placed in a stainless-steri blo^ pr^|* 
ously cooled to about -20® in a deep-freeze unit. A close-^tt^ piston is 
forced on to the cells with a series of blows on a fly-press.’ The high prmure 
liquefiai the frozen suspension and forces it through a narrow orifice into a 
reservoir chamber in tte block, where it freezes again. Duti^ this process, 
the celb disrupted at a low temperature, tbm6m catising a mmimum 
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of detiaturatioa. The halves of the block are separated and die ptepsDsdMi 
is reoivered. 

(7) Egfomm to Sound Waves 

When a microbial suspension is subjected to sonic or ultra-scmic wsvct« 
bredu^e of cells occurs due to the creation of local areas of low and hi^ 
pressure. Thick suspensions of bacteria can be disrupted udthin a al^ 
interval of time and at low temperatures. Ultrasonic dinategndors producing 
frequencies between 400 and 600 kilocycles/sec. have been hugely replaced 
by nu^inetostricture sonic disintegrators giving about 8-20 kilocycles/sec. 
An example is the M.S.E.-Mullard Disintegrator^ giving a freqimncy of about 
20 kilocydes/sec. A relatively thick suspension of bacteria is placed in a 
suitable tube (up to about 20 ml. at a time) and the probe of the disintegrator 
18 so that it just touches the surface of the bacterial suspenuon. After 
tw ining the instrument (see instructions provided wth the machine), the 
apparatus is left running for between five and thirty minutes, depending upon 
the organism being disrupted. Cooling may be necessary and the tube can 
be placed in an ice-bath. 

This method is one of the simplest and most reproducible methods Ot 
preparing cell-free extracts of bacteria and it is coming into increawng use 
m the laboratory. 

(8) Freezing and Thsnving 

A series of freezing and thawing operations may cause lysis of a sensirive 
organism. Although this method has not been much used in the prepwation 
of cell-free extracts, it has been useful in the liberation of toxins e.g. of 
Bord. pertustis. 


BdETHODS FOR THE FRACTIONATION OF 
BACTERIAL COMPONENTS 

In order to fractionate the components of a bacterial cell, it is tot net^ 
sary to grow the organism in large amounts. It is then semuated froin^to 
surrounding medium and washed by centrifugation or filtratron- Ito 
surrounding medium will contam unutilised metaboutw, interiMdiate mem- 
bolites produced in excess, the end products of metabolism {e.g. feimental^ 
products) and the refflilts of any autolyais which has goM on durmg gro^ 
In addition, there will usually be high molecular weight substancn 
often have important biological properties and are usually of 
peptide or polysaccharide nature (e.g. extracdl^ enzy^, exotomns, 
antibiotics, levans, dextrans, type-sp^fic polysarehanto, 

The washed cells so obtained can then be fractionated m two general way*. 


(1) Stractural FiactfoaBtfam 

The ceU is fractionated into its various morphological oomp^ 
chemical and functional properties can then be 
methods have been devetoped for the sepmtion wd 
waU, the cytoplasinic membw^the nudear 
types of in^nSon bodies (Epid and dy<^ 

Phwe,,etc.). ThernedkdbtaWogttttoWpatti^ 

those mrhex stnwtuies which art responsi^ for the Mtiageyc rt 

‘he organism, some of itt trtdc pioperties and ite rtswtaart rt to aa^Ndrti^ 

, \ D«*aihd>(StoiWeftwnti»em^^ 

^td., Spei^BtnNai LuNaden. S.w.i, 
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mechanisms of the host organism and to bacteriophage. Thus, the capsule, 
microcapsule and cell wall have received particular attention (Salton, I960)! 
Components of the capsule can be removed from the cell wall by treatment 
with solvents or enzymes, whilst a concentrate of the walls can be prepared 
after rupture of the cells by shaking with glass beads. 

(2) Molecular Fractionation 

The various types of molecule that make up the bacterial cell can be 
fractionated and their structure and function determined in the pure isolated 
state. We may distinguish two types of compounds within the cell, those in 
solution separately within the c)^pia8m and those mtegrated into more 
complex structures. The soluble substances can be 84^ ated by breaking 
down the cell wall and cytoplasmic membrane by one of the methods de- 
scribed in the previous section. If the resultant suspeision is subjected to 
high-speed centrifugation, the complex structures wijl be found in the 
centrii^gal deposit, ue. complexes of high molecular w^ght proteins, poly- 
saccharides, lipids and nucleic acids. The supernatant \ contain many of 
the enzymes, together with inorganic ions and a pool of organic metabolites 
and metabolic intermediates. Further methods are available that separate 
high and low molecular weight compounds. The most commonly used are: 

(a) Acid extraction, — The cells are extracted with 5 per cent, trichloracetic 
acid or 10 per cent, perchloric acid in the cold so as to minimise hydrolysis. 
The low molecular weight intermediates together with some polysaccharides 
and lipids are obtained in solution after centrifugation. 

(b) Production of acetone powders, — thick suspension of cells if squirted 
rapidly into about 10 volumes of pure acetone cooled to — 20*" C. The high 
molecular weight compounds in the precipitate are filtered on a Buchner 
funnel and washed with cold acetone and ether. 

In order to purify the components of the complex structures within the 
cell, it is necessary to break down the loose bonds joining the various molecules 
together. As an example, polysaccharides, lipids and lipopolysaccharides 
can be obtained by comparatively drastic procedures which denature much 
of the protein. Alcohol and alcohol-ether at 40® C. to 50® C* will extraci 
much of the lipid, although a preliminary hydrolysis by sidpburic acid ma) 
be necessary for some lipids. The lipopolysacchlli^ components at the 
surface of Ae cell wall in Gram-negative bMd^ can be extracted usin^ 
tridiloracetic acid (Boivin, A, Mesrobeaimp h and Mesrobeanu, L., 1933' 
or 45 per cent, phenol solution (Westj^Mli 0., Luderitz, 0. and Bister, F. 
1952). These Upopolysaccharides have the toxic pyrogenic and immuno 
logically specific properties of the O antigen of smooth-colonied cells 
almough the abili^ to produce anybody rests wirii the '^complete” antigei 
which can only be extracted from the cell using mild procedures such a 
extraction with diethylene glycol in the cold. Inis O antigen consists of 
high^-molecular weight complex of protein, polysaccharide and two type 
of lipid 
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CHAPTER 52 


BIOLOGICAL STANDARDISATION AND 
MEASUREMENT 

BIOLOGICAL METHODS OF MEASURING VIRULENCS 


BiO’Ossay 

Biological assay is the estimation of the amount of some material in a 
preparation by observation of its activity on a living population, ustudly 
laboratory animals, but occasionally microorganisms, plants, men or 
tissue cells. The procedure mvolves (i) a test preparation of unknovm 
potency, (ii) a standard preparation of known potency, (Hi) a test 
population, and (iv) a detectable response that is specifii^y produced 
by the su^tanoe concerned in the assay. The potency of the test 
preparation is determined by ascertaining the mean response to a 
certain dose and comparing this dose with the amount of the standard 
preparation that pn^uces the same mean response, or "standard 
indkatif^ iffect", under the same experimental conditions. 

In assessing the potency of a biologically active substance, a mt 
of measurement must first be defined and the particular activity of ^ 
substance is then compared with that of a known standard prqiaradon 
m terms of this unit If no standard preparation exists, a stoble form 
of the new preparation is submitted when possible and this may be 
regarded as a provisional standard, of which a fixed weight or volume 
IS said to contain one unit of the particular activity. A unit is Aus 
d^ed as the specific biological activity contained in a given wng^t 
or volume of the standard preparation. If it is attempted to di^ne 
a unit otherwise, e.g. as the smallest amount of the substance producu^ 
a specified effect in an experimental animal, the wide variation in 
susceptibility between individual animals of the same ^lecies generally 
uitroduces many difficulties and sources of error. It will be evident 
that experiments involving such comparisons of test pc^ulattons 
frequently demand a careful statistical approach and proper planning. 

Many methods of measurement in microbiol(®r have much in 
common with bio-assay methods and involve comparisons of the 
reposes of sample groups of amst population to diffnmt stimw w 
agents. If the responses are to be properly amparabk, aU trf 

samples or groups of the test peculation used in the openm^ 

he identical. It can be dwvm that kphazard selection of ammals, ftw 
example, may result in the inclusion of a wgnificantly higher ptwatwa 
ef more robust in ffie early grou^. There are also vim teoog“ 
hkd sources of observer and selector bias in uMonsciottt ptefiwrtwse 
for certain numbecs and offier factors so tkt it is essertW ^ 
eorrect fomfoiw prottdart in selecting comparable 

I RandnJ^S^ aBiMdsaoiBe insurance ^lajflStsdecth^uM^p^'hi^ 
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groups of individuals from a test populatum. R^lication of observa- 
tions increases the precision of the average values and gives some 
measure of the degree of random variation within the group. It may 
be that the effect of random variation can be reduced by making com- 
parisons between subgroups that are more comparable. For example, 
animal mcperiments may m designed in which the responses of litter- 
mates to two different treatments are compared and, in this case, each 
of a pair of littermates of the same sex and similar weight may be 
randomly assigned to one treatment or the other. 

Since variation between individual responses is inevitable there is 
bound to be unpredictable variation in the results pf an assay. This 
variation is referred to as sampling error and the wan of measurii^ its 
effect are fully described elsewhere (see Hill, 1%1). When average 
results are given it is useful to give the mean result, ||.e. the arithmetic 
average of ^ the results. This value may, however! be affected con- 
siderably by the presence of a few extreme values, apd where this is 
the case the median result may be given instead, i,e. ^e middle result 
of all the results when these are arranged linearly in ascending order. 
The median is not affected by a few extreme results. 

In bio-assay work, a sample of a standard preparation is routinely 
included in each assay. Laboratories may hold their own local standard 
materials and these are checked periodically against recognised standards 
that are held in stable form by a central laboratory, l^e International 
Laboratories for Biological Standards at the Statens Seruminstitut, 
Copenhagen, Denmark, and at the National Institute for Medical Re- 
search, London, England, hold all International Biological Standards 
and International Biological Reference Preparations. These include 
(a) inomunological substances such as tuberculin, tetanus toxoid, 
diphtheria toxoid, pertussis vaccine, tetanus antitoxin and diphtheria 
antitoxin; and (A) pharmacological substances such as antibiotics, 
hormones, vitamins and drugs. 

Biologically active substances that can now be estimated quanti- 
tatively by physico-chemical methods may be assured independently of 
biological me&ods. This is true of many substances that used to be 
assayed biologically, e.g. vitamin C. 

Ae883it-Methode 

Dkeet Assay . — The amounts of die standard and test preparations 
requited to produce a specified response are directly compared. For 
example, the dose of a substance that on wexagp kills the test animal 
within a specified time (or that vdiich, when inRised at a corutant rate, 
just kills me test animal) may be measured and compared with that of 
a sbmdard prq>aration tested simultaneously. Since animals vary in 
suseeptibiHty, the mean of several eaq^erimeats is taken in e«^ caw 
and m patency of the test substance in zebOion to the standard b 
indioited by the ratio of ffte two meaiw. Direct measurement cS the 
critical dose required to dioit a particular ze^toase is freq^dy not 
poasil^ puui inm^ aamy methods «« inora usudly en^ki^ 
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Indirect Atsay. — Responses produced by different doses sre ob* 
served. Ibis type of assay may mvolve observatioRs of : (i) the present 
or absence of a ^ical response, such as death of the test anin^ Tbis 
“aU-or'nothing” result is referred to as a quanta! rename', or (h) <k^ee8 
of magnitude of die response, such as increase el weight or ttme of 
survival of the test animal. This is a quantiuaive retpetm. 

'Wcaea. the responses of similar groups of the test population to 
graded doses of ^e standard and test prqMimtions are measured in 
parallel and the means of each series are plotted against the logarithm 
of each dose (Ic^. dose), a dose-response curve is obtained for eai^ 
preparation. This is frequently linear in its mid-portion (see Wilson 
and Miles, 1964: p. 1209). 

MicrMoU^al Assay. — ^Under appropriate conditions in a S 3 mthetic 
medium, the amount of bacterial growth {e.g. the number of ceUs wl^ 
the grov^ is completed) is linearly prcqmrtional to the concentraritm 
of a growth factor or essential amino add whose supply is deficient in 
relation to the other nutrients. Thus the amoimt of a growth factor or 
add may be measured according to the amount of the growth 
that it supports, as in the assay of vitamin Bi, using Lactobac^u 
kichnumnU. The method has the advantage of specifidty and hi^ 
sensitivity. In the case of vitamins it is possible to determine as little 
as 0*001 fig. per ml., and in some cases (biotin and B„) considerably 
less. It ^ould be noted that the response in these a^ys, e.g. produc- 
tion of turbidity or addity by a growing culture, is usuaUy Unetfly 
related to the dose and not to Ae logarithm of the dose. 

Microbiological assays are also of tise in assaying antibiotics, and 
various methods have been devised. In these assays, the di^tees of 
inhibition of grovirth of a culture of bacteria by different concwtmrions 
of the test preparation are compared with the degrees of inhibition 
produced by known concentrations of a standard preparation of the 
antibiotic. 


Measurement of Vimlmice 

The mmsnum kthal dm (‘‘MLZ)”).~Thi8 is the d«« a bacj^ 
suspension or toxin that just kills die test aiumal (or all of sevwfal lest 
animals) within a specified time after administration by a given 
The use of this measure assumes that all animals in the s^e spedes 
are equally susceptible, but since there may be differroces in su^cejph^ 
bility between animals the accuracy of the determinati^ is partly 
dependent won Ac number of animals us^« In a^ procedure 
mended (or Ae detemunation of diphAeria toxin in tenm of 
final mtim is considered probAly correct within 10 per cent a m 
least three doses not differing 

two goines-p^ pef d<m (see Boyd, 1956; p. 642); the smeBest dosb 

<!«) 

or tteia is li» dose dll* 50 1 ^ cent ^ the 
Specified AnCs Tp of Ac variation m Ac suscepwfcflily of 
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animals of the same species, the LD50 is usually a more practical and 
reliable measurement than the MLD. The LD50 of a particular 
preparation is usually estimated by reference to the linear mid-section 
of the dose-response curve in which percentage responses (deaths) 
between 25 and 75 are plotted against the logaritiuns of the doses 
administered. It should be stress^ that this method of determining 
the LD50 involves assumptions regarding the linearity of the mid- 
section of the particular dose-response <mrve and ignores observations 
outwith the 25-75 per cent, response range. Furthermore, misleading 
conclusions may be drawn if such an experimental determination is 
not performed with adequate numbers of animals ini each group. The 
problems involved are discussed extensively by Boyo (1956: p. 694). 

The measurement of 50 per cent, end-points. — In sting the potency 
of a bacterial toxin, or the lethal dose or infective do of a bacterial or 
viral suspension, varying amounts of the test preparation (differing by 
a constant dilution factor) may be inoculated into groins of susceptible 
animals. As described al^ve, it is more accurate to take the end-point 
of the titration as that dilution at which 50 per cent, of tiie animals 
react, and to work in terms of the LD50, ID50 etc. When the standard 
indicating effect is not death but some other response, the dose that is 
effective in 50 per cent, of the test animals is referred to as the ED50. 
llie dose infecting 50 per cent, of animals is the ID50. The dose 
protecting 50 per cent., as in testing immunising agents (q.v.), is the 
PD50. In many virus titrations it is possible to use chick embryos or 
tissue culmres instead of animals. The TCD50 is the dose causing a 
cytopathic effect in 50 per cent, of the inoculated tissue cultures. 

Tlie most reliable assay method involves testing large numbers of 
animals or tissue cultures with many closely spaced dilutions near the 
value for 50 per cent, reaction. Especially when animals are used, this 
is seldom economically possible and it is often necessary to use rather 
widely spaced dilutions \e.g. decimal or doubling dilutions) and groups 
of moderate numbers of animals. 

The method of Reed and Muench (1938) allows a more precise 
determination of the 50 per cent, end-point than is possible by simple 
interpolation between two oitical dilutions and gives an effect as if 
larger groups of animals had been used than were actually inoculated. 
Thm is, moreover, a tendency to equalise chance variations. 

Reed and Muench’a method finr estimation of LD50 

In Reed and Muench’s method it is assumed that animals d3tiog 
a stated dose would also have been killed by greater amounts the 
agent and conversely that those surviving would also have survived 
mialler doses. An accumulated value for the aninuds affected is obtained 
by adding the number dying at a cettain dilution to the number killed 

lesser doses; a similar ad^tion, but in tiie reverse directiim, is made 
fen die survivors (see example). 

The accumulated values of the two critical diluticms between which 
dte 50 par cent end-point lies ate now substituted in timliailhula and 
the UD50 is obtained. 



ESTIMATION OF LOSO 

In lEoldog tiliese cakmlations it is assumed that i3ie dbsea mwd iwe 
equally placed on the logaiidunic scale, that the 50 per cent, en^pmiit 
falls somewhere in the middle of the range of dilutions used and *hs* tite 
same number of anintsls was used for ea^ dilution. 


EmK^k: 



The arrows indicate the direction of addition for the accumulated 
values. 

In this titration the 50 per cent, end-point is seen to lie betwem 
10~* and lO"*. It will be located at the proportionate distance from 
10 -®. 

Proportionate mortality above 50 per cent.— 50 

distance ~ mortality above 50 per cent, —mortality below 50 per c«it. 

85-50 35 0-3 

”85 - 25 ‘60 

Negative logarithm of = Negative logarithm of -(-Proportionate 
LD50 titre dilution above 50 per distance 

cent, mortality 

= 3-0-(-0-58 
LD50-10-»“ 


Karber’e meiliod for eadmntioa of LDSO 
An alternative and slightly simpler method is that of KSrber (1931): 
log. LD50»0‘S-(-lo«. of greatest- Sum percentage of dsad attiflaals 

titre virus concMitra- iOO 

tion used 
For the above example: 

, . A r / 10V 100+ 100 -(-85 -(.25 

log. LDSO titre » 0-5+ (-• 1*0) — 

-O-S-l-O-S'l 

>■ — S'fi 

LD50tite«-10-»-« 
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ldtedifid4 and Ifmcoion’t method for estimatian of LDM 

This method (1949) is s rapid graphic procedure for estimating the 
median effective dose (ED50, LD50, etc.) and the elope of the dose-per 
cent, effect curve. It gives confidence limits of both these parameters 
for 19/20 probability. It is highly recommended. The original paper 
should be consulted for detailed instructions. 

For guidance in dioosing methods of estimating the LD50 in 
quantal response data, the reader is referred to the paper by Armitage 
and Allen (1950). 


Toxin-Antitoxin Assay 

The unit of diphtheria antitoxin was originallV defined as that 
amoimt of antitoxin (or antitoxic serum) that just netnxalises 100 MLD 
of a certain diphtheria toxin. The MLD was definea as the minunum 
amotmt of toxin that kills a guinea-pig of 250 grams weight in 4 days. 
It is not feasible, however, to preserve a standard toxin for testing 
antitoxin, but by means of a preserved standard antitoxin any toxin 
preparation can be standardised by neutralisation tests in guinea-pigs, 
and the value of a new antitoxin can then be estimated. The usual 
method is to ascertain first the “L+’* dose of the toxin; this is the 
qtiantity of diphtheria toxin that, when mixed with 1 unit of standard 
antitoxin, is just sufficient to kill a 250-gram guinea-pig within 4 days. 
Varying dilutions of the new antitoxin are then mixed with the L4- 
dose and injected into guinea-pigs. In this way the neutralising power 
of the new antitoxin can be compared quantitatively with the standard 
and the number of units in a given volume stated. Antitoxin may also 
be titrated by the neutralisation of the reaction following the intra- 
cutaneous injection of mixtures of toxin and antitoxin in the guinea-pig 
or rabbit, using an ‘*i>” dose of toxin. This is the amount of toxin 
that, when injected intradermally along with 1 unit of antitoxin, causes 
a localised erythona 5 mm. in duuneter within 36 hours. The amount 
of the unknown antitoxin producing the equivalent result when injected 
with the same dose of toxin will rontain 1 unit of antitoxin. In practice, 
several skin tests may be done simultaneously on one animal and, in 
order to avoid injecting a lethal dose of toxin, these neutralisation tests 
may be performed with dilution equivalent to specified fractions ol 
tinits (provided that the test dose of toxin injected is not diluted beyond 
its active titre). 

It vrill be evident from the above example that in toxin-antito^ 
testiig, some effect sudi as death within a stated time, or production 
of a stated area of erythema or necrosis, is ffie iq>ecified response oi 
standard inditing ^eet. Antiserum is routindy calibratod by deter- 
mining tile dilution that, when mixed with a fixed amount of the 
particular toxin (the test dose), just aUowa it to ptoduoa the stan^n 
indicati^ effect. In other worrl^ the antitoxin in tiie serum is 
diluted in the presence of a test dose (ff toxin, tiie effect of vihich be 
comes demonstrable at the end-point of the titratkm. tlto lOnoitnt o 
the test antiserum contained in tiie end-pchn dthtticmhitiienreg^^ 
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as eqmyaleXit in the number of units to the amount of s standard Wlti*' 
titdn diat allows the same standard indicaling ^ect when fflEhced with 
s test dose ctf toxin in a parallel titration. 

Hie test dose of txixin is determined by adding a eonstant Yotame 
of the standard antitoxin, containing x uniis, to graded doM of &e 
toxin. The nuxture that subsequently produces the ataadard twheatini; 
effect contains the test dose at the x-units level of testing. It is impor- 
tant that the proposed level of testing, t.e. die number of units contamed 
in the fixed amount of standard antitoxin used, should be such that the 
appropriate test dose of toxin is indeed enable of producing the stand- 
ard indi cating effect A simple control titration of toxin should always 
be included to demonstrate this. 

The Lo dose of a toxin is the amount of toxin that is just neutralised 
by 1 unit of antitmdn. This is technically difficult to measure mtactly 
and titrations are generally based instead on the L+ dose, i.e. the 
a ^niint of toxin that, when mixed with 1 unit of antitoxin, producea 
the standard indicating effect. 

Dasiysz phetiomenon . — ^Antibody and antigen combine in differwt 
proportions according to the amount of each in a mixture. The adffitum 
of a relatively small amoimt of toxin to a large amount of antitoxin 
results in the combination of many more antitoxin molecides ptf 
molecule of toxin than would occur if more toxin had been avaUable in 
the i nitial mixture. Thus, if an amount of toxin and a m i n i mum 
amount of antitoxin are chosen, such that th^ would give a non-toxfc 
mixture if they were mixed together all at once, and if the toxin is split 
into several portions and these arc added to the anti-tmin one^ 
the other, the ^1 mixture will be found to be toxic. The ini^ 
pniT«h jni |t iftn of relatively large numbers of antitoxin molecules witii 
relatively fow toxin molecules leaves insufficient free antitoxin for the 
prompt neutraliaation of the fractions of toxin subs^uentiy added. 
The final mixture tiierefore remains toxic, at le^ until a spontanetam 
rearrangement takwt pfece in the combining ratio oi the aniffto^ and 
antigen m^l««»li»i». For tiiia reason, wl^ mixturm of ai^feom and 
toxin ffl* made in neutralisation experi ments , antitoxin b added''ie 


toxin and not vice vena, ... 

/n-tAm Tomn and antitoxin may be assayed by 

methods if an i ndWting effect of the toxin, todi as la*anoly«s, ^ we 
spedficallv neutralised by the homdit^ous antitoxin. Tte eoaditiaaia 
under wh&i auch teats are performed may be critical ^ 

to define tiiem when repotting reaulta. Fm exampK 

(alpha toxin) of Chetndam aebM may he assayed m tm ^ 
haemdytic activity. In this case, the i^es of red ^ ai4 

position of tiiedilueitt greatly influence titercBiffim the 

Optmtd JPevpartum m tme^sMsm orfiocad^m raacftaw^T^i^ 
a senm^ tnixturea of antigen and antibody la set tip ® 

«>Mtant amount of antiiermn and *®®*“**^. 

precipitation and ffoociUation occur moat rapidly andn^ mafl^ 

m tile tobe k wbkb antibody and antigen occur m 

(Dean & Wtibk 1^)* ^ ctmataiU: for all f 
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given antiBenim and anl%^ and iwoally all of the ant^en is precii». 
tated at this point. The wtibody content of different sera inaymenfore 
be compared by ascertaining the amounts required to produce most 
rapid and complete flocculation vdth a given antigen. 

Thus antitoxin may be assayed in vitro by die Ramon flocculation 
method based on the rapid precipitation obtained when optimal pro- 
portions of toxin and antitoxin are mixed. The Lf dose of toxin is first 
determined as the amount of toxin that flocculates most quiddy with 
1 unit of antitoxin. The unknown antitoxin is then tested to find the 
dilution that flocculates most rapidly with 1 Lf dowe of toxin. This 
dilution will contain 1 Lf unit of antitoxin. 

Avidly of antiserum . — In addition to the actual content of antitoxin 
in an antiserum, the combining powo: of the antitoxm in terms of rate 
and fimmess of combination with toxin, i.e. its avMty, significantly 
influences its effective neutralising power. The antitoxin in an avid 
serum combines quickly and firmly with toxin. The protective effect 
of an antiserum, as judged by animal experiments, may not always 
exactly parallel estimates of its potency based upon in-vitro experiments. 
One explanation for this is that slight differences may exist in a group 
of components that normally act as a single antibody complex but may 
consequently participate to different degrees in various in-vitro reactions. 
It is also clear that in-vitro procedures may not give a true estimate of 
the rdative therapeutic values of two antisera containing equal amounts 
of antitoxin if one serum is much more avid than the other. 

The Evsduatton of a Protective Antigen 

Mouse protection test . — ^In the evaluation of inununising agents it is 
usual to give groups of animals graded doses of the test preparation and 
to give sinoilar groups the same doses of a standard preparation, .^er a 
suitable period the animals in the two series are then challenged wiffi, for 
exanople, a normally lethal dose {e.g. 100 LD50) of the bacteria or toxin 
against which they were presumably protected, llie uze of the 
challenge dose should be adjusted so thnt it is likely to produce a signi- 
ficant mortality but it must not be so great that there are no survivor 
in either of the series. The percentage of survivors in each group is 
subsequently recorded and the logarithms of the doses of the test and 
standard preparations associated with 50 per cent, survival are esti- 
mated. 'l^e difference between these is the log. potency ratio, and the 
antilogarithm of this ^pire gives the actual potent^ ratio the two 
prej^arations in terms the amounts that produced 50 per cmt. pro- 
tection (PD50) against the dialloige dose. 

In assessing the protective vame of vaccines for human u^ con- 
trolled fidd and kboratory studies should be done. The ptmcaples ate 
dkcussed in Chapter 43 (p. 593). 
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CHAPTER 53 

ANTIMICROBIAL AGENTS 


Substances that are used against microorganisms may be described as 
oM if th^ kill cells quickly, or static if their effect is pr^cpinantly one of 
inhibiting growth. Most substances that are static, however, are ddal if 
their concentration is raised, or if the exposure is sufficdoidy prolonmd. 
Disinfectants are substances tlut are strongly bactericidal in the concentrations 
usually used and sometimes they also Mstiwr bacterial ^res. Hiey are 
gener^used to eradicate microorganisms frominanimatesnateriaL Antistatics 
are less irritant substances that destroy or inhibit the ^wm of microorganisms 
and that may be applied locally ag^unst pathogenic orgpisms growing in 
living tissues. They are in most cases, however, general j^toplasmic poisons 
and maefore tend to be toxic to tissues as well as to bacterial cells. Clearly 
the difference between disinfectants and antiseptics is one m degree only, and 
some disinfectants may be used as antiseptics. The teims germicide and 
bactericide are used to describe both disinfectants and antiseptics. 

Antimicrobial dn«s are chemotherapeutic substances that destroy or 
inhibit the growth of microorganisms in living tissue. They usuaUy differ 
from antiseptics and disinfectants in possessing a high therapeutic index, i.e. 
they are much more toxic to microbes than to tissues, and ^ey have a more 
sel^ve range of antimicrobial action. They may be given parenterally or 
orally against deep'Seated or systemic infections. Ant^tfcs are substances 
promioed by some living or«misms that kill or inhibit the growth of other 
organinns and some are sufficiently non-toxic to be used as antimicrobial 
drugs. 

DISINFECTANTS AND ANTISEPTICS 

A great variety of compounds can act as di^ectants and antiseptics. 
Those most conunonly used include the following: adds and alkdUs\ metallic 
s(dts--*.g. mercuric salts; organic metallic compounds— e.g. merthiolate; 
habtgens—e.g. chlorine and ioduM; alcohols, ethers and aldehydes— e,g. ethanol 
and formal^yde; fdienols—e.g. phenol and cresols; oxiMsing and redudng 
agents— e,g. hypochlorites, hycht^n peroxide and sulphurous add; organic 
dyes—e.g. brilliant green, ciystal violet and proflavine; soaps and syssthetic 
ddergents—e.g, quartemary ammonium salts. These substances are usually 
«Hiem proto^asmic poisons and act relatively non-spedflcally on bacteria 
^th ffie exceptioh of the orgamc dyes, whiw are more sele^ve and are 
used in connection with selective methods of cultivation). They will also 
kill tnammtthsn cells such as ph^Kytes, often at concentrations lower than 
tiiose required to kili bacteria. non-specific action of these substances 
is due to ffidr activi^ in destroyii^ or denaturi^ compounds or structures 
common to all living organinos. TImB mercuric salts react with ti>e --SH 
groups of proteins, tendering them biologbdly inactive, while j^tenols, soaps 
and ddei^ts probably act by destrcqrmg the semi-pmineable plasma 
membrane at the surface of aU 

A variety of factors wiU affect the activity of a dirinfM^t or antiseptic 
and ihae would be borne in mind during use. The most important are: 

(1) CimceHtradon.—Vait hq^ the concentration of the ginmidde ffic 
gn^ will be tite rate of killmg. Tfaia ia patticulaity inqmrtant with the 
j^bm>^gnmp(ff compounds, wi^activi^falbt^veavxtqd^vi^dilutio^^ 

^ 2^ end -In gooerai, germicidal nmrity ia increased 
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with time and a aofficient exposure is imp»ative for dinn&etSoa. 

An increase of temperature w01 also raise w rate of 

(3) Orgtmie matter^-~M.xax germicides are reduced in aietivit]r by ^ 
presence of organic matter and particularly by the presence of protdna such 
as those in body fluids. 

(4) Number of organisms . — ^The lar^ tiie number of organisms, the 
greater udll be the time required for dismfection. 

(5) The presence of spores . — Spores are exceptionally resistant to the great 
majority of disinfectants. 


Testing of Disinfectants 

A simple way to test the effect of a particular antiseptic is to incorporate 
a series of different concentrations of the antiseptic in 10 ml. niwHinta of 
nutrient agar, pour the medium in plates and then make a stroke inoculatioo 
from a bacterial suspension. This should be prqiared in sterile dls tiHed 
water from a young culture on solid medium and should show just a faint 
turbidity to the naked eye. Different organisms can be tested at the same 
time by making stroke inoculations on each of the various plates. The plates 
are incubated for 48 hr., when observations can be made. 

Instead of solid medium, tubes of broth or serum (sterile ox serum 
previously heated at 56'’ C.) may be substituted. To a series of such tubes 
vamng concentrations of the antiseptic are added and then each is inocitiated 
wim a standard amount of bacterial suspension. The effect is observed after 
incubation at 37° C. for 48 hr., the presence or absence of living organisms 
being decided by subculturing; one stroke is made from a loopfiil of es;^ 
mixture. In this way one agar plate will serve for subcultures from a Series 
of tubes. 

In the case of slowly acting bactericidal substances, sudi as the flavine 
and other antiseptic dyes, it is often found that concentrations that have 
entirely inhibited growm, as shown by the absence of turbidity in fee relevant 
fluid (^tures, still contain a few living organisms which may be revealed l^y 
subculture from the fluid cultures on to solid media. The lowest concentra* 
tion of antiseptic that produces this result (inhibitory concentration) yields a 
satisfactory index of fee bacteriostatic potency. 

The emdenqr of disinfectants is most frequently assessed mesttiring 
the rate of kill a^inst a selected rai^ of organisms under qwc&d c&cusp- 
stanoes. Ihe majority of methods em|floy ^lenol as a stmdard refeienpe W> 
that a phenol co^fkiestt is frequently quoted for disinfectants. It may he 
said to express fee bacteriddal power of a particular substance as eon^Oi^ 
mfe pure phenol. The prind|W techniques are tiie Rideal-Walker, 

Martin am Unit^ States (FDA) test 

Tbdr chief application is in omnparing didnfectants composed of coal4fer 
derivatives iVhum are water-wduble of wateivmisdble. They sie of no tilO 
in assessing the tdative merits (ff different dasses of oompounos>~4<|'. ooiMilr 
in cennpatuon vrith quaternary ammonium compounds. 


Rkfeal-Wnlker Tmfi 

Material rtginred: 

(1) Standard lo^ of 28 8WO wire, 4 mm. internal diamettn^ htttt 
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almost at a right angle to the Tniet so that in the subaequent nnnipulations 
the plane of the loop is horizontal. 

(2) Culture of S, typM. It is of the utmost importance to tiae a standard 
cumue.^ 

Subcultures should be nude in the standard broth at 24 hr. intervab, 
tiiree times before the test is carried out, and a 24 hr. brotii culture used for 
the test proper. 

Method of Tesimg: 

(1) Determine beforehand the inhibition concentration of the particular 
gemudde for the standard strain of S. typhi and make up a series of five 
graded concentrations in distilled water, the lowest b^ng slightly greater 
than the inhibition concentration. 

^2} Make up 100 mL of a 5 per cent, stock solution oAthe pure phenol in 
stenle distilled water, and from it prepare the following qjdutions of phenol: 

1 in 95, 1 in 100, 1 in 105, 1 in 110 and 1 in 115. 

(3) To 5 ml. (in stoppered sterile test-tubes) of each of the solutions 
preyed from the germicide to be tested, add with a sterile pipette 0*2 ml. 
of Ae 24 hr. broth culture of S. typhi and shake the mixtures. The tubes 
containing the solutions should be kept during the test in a water-bath at 
18“ C. 

(4) At intervals of 2^ min. up to 10 min. remove a large loopful from 
each mixture, using the standard wire loop and transfer to tubes of S ml. 
standard broth. The bacterial suspension in (3) should be added to the 
tubes of antis^tic in succession at definite intervi^, e.g. 3Q sec. The loop- 
transfers to broth from each tube, after 2^, 5, and 10 min; respectively, can 
then be accuratdy timed. 

(5) and (6) Carry out with the phenol solutions the same procedure as in 
(3) and (4). 

(7) Incubate the broth tubes for 48 hr. and note those in which growth 
has occurred. 

(8) The coefficient is calculated by dividing the figures indicating the 
d^iee of dilution of the disinfectant that shows life in 2| and 5 min., but 
no life thereafter, by that figure indicating the degree of dilution of phenol 
titat shows life in 2^ and 5 min. but no life thereafter. 

The Rideal- Walker test compares the action of the antiseptic with that 
of phenol on S. typhi in distilled water only and does not necessarily give any 
indication of the diunfecting action under practical conditions where much 
organic matter is usually present Accordingly, the Chick-Martin test Im 
been advocated in which the disinfectant is tesiM in the presence of orgwc 
material, which is the quantity of solid matter present when heat-sterilised 
liquid faeces containing 10 per cenfof solids is mixed with twice hs volmne 
of dinnfectant. The use of faeces in this test is open to several objections, 
and Garrod has devised a modification of the Chidc-Martin test with yeast 
instead of faeces.* The yeast is made up in suspension in distilled water 
equivalent to 5 per cent, of dry yeast, and for the test 48 mh k added to 

2 ml. of the 5. typhi broth culture. 2*5 ml. of this mixture is added to 
2*5 mL of separate parallel dilutions, varying by 10 per cent, of the disin- 
fecttmt and of phefioL After 30 min., samples are taken exactly as in the 

* Obtainedi horn 'the Nationsl CoUeetion of Type Cultutes, Cmtral Public Health 

LAcwatevv, Cdhidde Avenue, Londco, N.W.9; the purpose for which the cultuie u 
ssqUired UMold be stated. ,, , . 

• Moi^td Tedmi^ tf the Cki^Morda Tut for OMffteteMt, BrithSlkaa/todt 
S p ed ft ca t t on , Mo. 8w. 1938; see footnotes, p. 39o. 
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RidMl'Walkw teat The ph^l coeffid«it is cdculated by the 

ooeati of the hi^h^ oonceatration of phenol permitting gre%& and tibe hnwat 
concentration produdi^ aterilhy with the corteapon(^ the idSa* 

infectant Thus, stmpoaing there was no ^owth with 2*0 per r«n», pll K tw! »l.| 
but growth with 1‘8 per cent, the mean is 1"9. Similarly, w{moae there 
was no growth with 0*457 per cent, but growth with 0-411 per cent of the 
disinfectant, the mean is 0*434. The result is rirpirseriil in the following 

1*9 

Phenol coefficient: 


The foUowino results illustrate tha tmit* 


Dilution 

Time tn Minutes 

2* 

5 

n 

10 

Unknown ^ 
Crermicide* 

ri;400 . 

1 : 500 . 

1 : 600 . 

1 : 700 . 

; 800 . 

+ + + 1 1 

+ 

4- 

4* 

+ 


ri ; 95 . 

+ 

— 




1 ; 100 . 

+ 

+ 

— 

... 

Phenol 

1 : 105 . 


4* 

4* 



1 ; 110 . 

+ 

4- 

4* 

... 


ll ; 115 . 

+ 

4* 

4- 



(j » growth, — aano growth) 


Pkemnl rwtflRr^ssnt 


700 

ififi® 


7t0 


The rapidly expanding use of didnfectants and antiseptics for remoraig 
microorganisms from sunaces has focussed attention on tests whidi aSoi^^ 
the antimicrobial agent to act upon the microorganism on the surfaces oi 
objects. Recent techniques utiUse glass cylind^s (Mailman and Banes, 
IMS) and squares of test material such as steel, linoleum or tile (Stedman, 
Kravitz and Bell, 1954) and the original papers should be consulted foi 


ANTIMirRfinrAT. D11U£» 

Antimicrtfoial drugs must have a selective action against roicrootgsnuoxi 
as compared with mammalian tissues, t.e. they must possess a hi|d> thent:' 
peutic index. This may depend the tai^ medianum 

peculiar to the ndcrow, or being more accesmble, or man immediate^ vita 
to the ndaobe than to the mammalian tissue The basis for such ncdvityii 
probaUv often the specific inhibition of particular enatymes. 

The mode ofectfam of tihe su l jdi onaml d 
oMBMdtive inhlbitioa 

i pftQiMfwitic series of dni^ are aD based die mhait/ of 
unudfy with vations ocgaidc gxoupiiim anbadihited mt dip 
SONH. groupiitt. the first due to dwir mode of mkm mm in like 
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fiadiag that natural ectracta (e^. yeaat extract) would reverse the inhibitoty 
effect of the aulphonamidea on bacterial mvm; the substance responubk 
for this action proved to be p-aminobenzolc add (PABA). 

NH,< 30, NH, NH* 

Sulphanilamide p-sminobenzoic »cid 

PABA vm found to be a growth factor for many microorganiBina, whilst 
a conjugated form related to folic add was of universd occurrence in living 
organisms, being concerned as a coenzyme in certain enzyme systems essential 
for growth. S^phanilamide was shown to inhibit an /enzyme concerned 
in the transformation of PABA to this coenzyme form. rThe inhibition was 
of the competitive type, PABA and the sulphonamidel competing for the 
active site on the surface of the enzyme. This is becaim of their similar 
structure and therefore the ability of both to **fit’* into the enzyme surface. 
It should be noted that the inhibitory effect on bacterial ^owth is observed 
only when the ratio sulphonamide/PABA in the envirdtoent exceeds a 
certain value, irrespective of the absolute concentration of the two substances. 
Thus the inhibitory effect of the sulphonamides carried over from body 
fluids to culture me^a may be reversed by the addition of PABA (see p. 747). 

Competitive inhibition of this kind may be the mechanism of action of 
many other antimicrobial drugs. 

Antibiotics^ 

Most antimicrobial drugs used today are antibiotics. These substances 
are produced mainly by microorganisms living in the soil where they may 
play a part in overcoming competing spedes in their natural habitat. The 
most important antibiotic-forming group of microorganisms are the Actino- 
mycetes, although some fungi and aerobic spore-forming badlli are also 
active. Although most antibiotics are too toxic to the host tissues to be used 
as antimicrobial drugs, or are rapidly inactivated in the animal body, a large 
number of therapeutically useful agents have been isolated and manufacture 
recently. Those most commonly used indude the following (the name of the 
antibiotic-*produdng organism is given in brackets): peniculin {PmcHUm 
mtatum or P. chrysogemm); ampiculin, methicillin and oxacillin (prepared by 
modification of the side chain of the penicillin molecule); streptomycin 
{Streptomyces griseus); chlortetracycline {Streptmyces a!ureofaciim)\ oxytetra- 
cydine {Streptomym rmom); tetracycline (Spared from cUortetracydine); 
dem^tiorlchlortetracyclit^ (mutant of StrepUmyces imr$ofaciens)\ moram* 
I^asnico! {StrtpUm^ces veMzuda 0 )\-<sry^ {Strtpu^m myAms)\ 
neomydn {SUreptomces frioduu); polymyxin or aerosporin (Bacim$ poly- 
badtradn {BacHm mmKr); cydoserine (Str^ptomyrn 
kdmamydn (Str^t^ces kmm^eetkui) and colomydn (Bmllm 

Many antibiotica will inhibit the growth of a wide range of bacteria md 
these are usually called broad rpednim miliNbtjrs, e.gv the tetracyditiest others 
have a more restricted antibacterial apectnsm, t.g. penidllin is active ag^t 
Oram^podlive bacteria, neiaseriae and spirocha^, whereas atreptomydn is 
moat active against Gnim«*n^iative ana add-fiwt bacteria. Toe chemical 
n«Uue of these antibiotica is very varied and^titis trariety is reflected in 
snode^f action. One of the moat chanMeihitic atrucmrea ^ 
odl imtl, witicb sa quite different &om tiiose of organiypji. It ^ 

a Forfiiiiiwgaf^dctafiseaiaiitilti^^ 



DRUG RESISTANCE 9^1 

probable t^t xi^y wtibiotics owe their specificity to m of 

bactmal c^*waU synthesis (a.;. peddUin anci bac^ Alt^Otigh chibr« 
amffiiemcol is active by inhibiting protein synthesis, me initial mte of its 
action has not yet been determined. 

Drug Resistance in Bacteria 

In species that are normally susceptible to a particular drug, some strains 
or variants may occur that are specifically resistant to it The choice of a 
drug to be u^d for treatment may therefore have to be based not only on a 
species identification of the causd organism isolated from the patient biUt 
also on the results of in-vitro sensitivity tests made with this particular strain. 
The likelihood of encountering resistant strains, and thus the importance of 
sensitivity testing, varies in the different bacterial species. For example, it 
may be assumed for practical purposes that strains of Strept pyogenes^ 
pneumococcus or meningococcus will be sensitive to penicillin, but that 
strains of Staph, amem include many that are resistant to this antibiotic. 

Drug resistant infections originate in two distinct ways of very different 
epidemiological significance. Drug remtant varianU due to genetic muta^ 
tion (p. 96) nu^ occur in a sensitive strain in a patient undergoing treatmenU 
After a favourable initial response to the drug, associated with destruction of 
the senative parent-type organisms, the iiffection rdapses as a result of 
proliferation of the drug-resistant mutants. Variation of this kind is par- 
ticularly liable to occur during treatment with streptomycin, e,g, in the 
tubercle bacillus and many kinds of Gram-negative bacilli. Tubercle ba<^ 
are also liable to mutations conferring resistance to isoniazid and p-amino- 
salicylic add. However, it is found that smultaneous treatment wi& two of 
these drugs generally prevents the emergence of resistant variants. Appar^ 
ently this is due to the almost negligible chance of a given cell undergoing 
simultaneously the two mutations required to confer the two kinds ^ 
resistance. This is ^*double-drug” ther^y. 

(2) Infection may occur with an already resistant strain derived from m 
exogenous source, Sojm bacterial spedes rarely or never undergo resistance 
mutation to a particular drug in patients receiving treatment, yet indude 
many naturally resistant strains that are disseminated throughout the host 
community. Thua the Stf^, aureus strains found in patients and healthy 
carriers indude a proportion that are naturally resistant to penicillin by vktm 
of their capadty lor produdng penidlUnaae, an enzyme that destroys pdd- 
cillin. Strains resistant to a given drug occur most frequently in 
where the drug is widdy used, e,g, in hospitals, since thdr survival and if^iread 
is sdectivdy urvoured. Patients undar^ing drug treatment in faospitd are 
thus very ImUe to suffca: cross-infection with a ‘^hospital str^^* whidh h 
fcsistant to a midtipUdty of drugs and in some cases may be l%hly vindnnt 
from frequent passage in infected tissues. The skin and nost^ cu ho^pjtslt 
staff are aubgect tdnmquent cmatamination with traces of ^ilt aiatibiimcs» 
and this may result in a high proportion oi healthy carriers luutamidbiig 


mtnm mt mssmrm ce n^csm^ to 

ANllMSatCmL ACffiMtS 

^icrdfioicsdbsl tha fiewaides of vriddh ate aboian in iW# 
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A concentration gradient of the antibiotic i$ prepared in a medium fiiUy 
adequate to aup^rt the groulh of the teat organism^ whidi is added uni* 
formly to the mixture. Following incubation, growth occurs in the medium 
in concentrations of antibiotic below the inhibitory level and ceases where 
this level is reached, thus allowing assessment of the susceptibility of the 
microorganism. 


REAGENTS I RESULT 

ANTIBIOTIC N 



FTo. 68. 

Principles of antibiotic sensitivity tests and microbiological assays. (Gould, J. C. 

(1960). Brit. med. Bull. 16, 29). 

( 

Specific antimicrobial therapy may be instituted if the species of infecting 
microorganism is one whose drug-resistant variants are known not to assume 
clinical importance, and to this end a working knowledge of the antimicrobial 
spectra of each of the antimicrobial drugs in general use is of advantage. 
Thus a number of important pathogens have **fixed’’ antibiograms, i.e. are 
invariably sensitive or resistant to certain antibiotics, and treatment may 
proceed on the basis of bacteriological diagnosis and clinical judgment 
without recourse to in vitro sensitivity tests. Such organisms are: 

Streptococcus pyogenes — sensitive to penicillin, erythromycin and chlor- 
amphenicol and resistant to streptomycin. 

Pneumococcus— -semidve to penicillin, erythromycin and chloramphenicol, 
resistant to streptomycin. 

HaemophUm influenzae — sensitive to streptomycin, chloramphenicol and 
tetracyclines. 

Salmonella spp. — sensitive to ampidllin and chloramphenicol. 

However, it must be emphasised that strains within many other species of 
bacteria are not alike in their antibiotic susceptibility so that the only reliable 
guide to Ae therapeutic use of antimicrobial agents is an m vitro sensitivity 
test coupled to dinical experience. In most irdections t^ie sensitivity of the 
causative organism should be determined before specific therapy has begun 
and if a spedmen is amiable the most vi^ information concern^ bacteri^ 
logical diagnosis and antibiotic susceptibility can usually be avaUsmle within 
24 hr. Tim requires speed in the preliminary bacteriological investigations, 
and andUotiic sensitivity tests must be considered as part of these pre* 
hmtnaiy inirestigMrions. Difihsion tests on solid media have been adopted 
by most laboratories to cope with the demand for a simple, expeditious and 
raiiable m Hfitro technique. ^ 

TeetiMf^ln these tim antimimbial agimt is held inn reservoir 
ftmn wfakh it SSmm through agar medhtm to a diSurion giaihent to 
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whichljbyetmmorganisins»growiAginorontheagariar^ DijSasion 

of the aatunicrobial agent takes place continuoiisly from me reservoir 
wards through the surrounding agar so that the conc^tration gradient is 
continuously changing. Zones of inhibition of grov^ are formed when the 
organism is susceptible, and diese are frequently complex showing the effect 
of different concentrations on the microorganisms during growth (Fig. 69). 





(a) Zone of complete inhibition. (6) Zone of delayed growth. 

(e) Zone of lysis. (d) Zone of stimulated growth. 

(e) Zone of normal growth. 

Petri dish in section showing in diagrammatic form the theoretical concentration 
gradient of antibiotic after diffusion from the disk. Also diagrammatically represented 
are the various zones of inhibition and growth that may occur. (Gould and Bowie, 

1952 .) 

The size of these zones depends upon factors that influence the diffusion 
of the antimicrobial agent, such as pH, depth, hydration and concentration 
of the agar, and nutrients and other substances in the gel, as well as the rate 
of giowth of the organism. However, since the rate of growth of the majority 
of the pathogens encountered in the dinical laboratory is similar, and the 
experimental conditions can be standardised, diffusion tests can give results 
of a high standard of reproducibility as well as a reasonable degree of accuracy. 
RepUcate tests are easily set up and a number of antimicrobial agents can be 
tested on a single plate. 

The reservoir may be a hole or gutter cut out of the medium nued 
with aotiinicrobial agent in solution or nuxed with agar. Altwnativdy, the 
antunicrobial agent may be placed in a cylinder of glass, porcelain or steel rest- 
ing on the surface of the medium, or in absorbent paper disks. 


A gar Str^ Diffusion Test for Sensitivi^ to AntiWoffes 

A technique originally used by Fleming is as follows. A stifo of 

agar dfout i in. wide is cut from the centre of a plate of suitable cutaire 
medium (nutrient or blood agar) and discarded. An 
sntimicxtibisl sgent (sulphonamidd 200 fcg. per mLj peniculin unm 
per mL;. atrep^ydn 100 Mf- £^.^1 


cl^ism|dteQiool 50 ftg per m.) » f tnoteat aga r 

pipetted ktoi^ gutter m rite atedium. Tl» surface of ta» agar WJtwowitei 
‘ •’ loopftilsofcidtmreatobeteatedatr^angi^to^SBttW^w 

»fc to oontrd rite test by iodudtag a taiown aenrfdve wwwa* 


It u del 
stra&w, 


During gwwA is foMMted for a distaace <v«yiag nWl Sia 
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Bouidvity of the strain to the anthnim^nal agent undor examiiudon. The 
size of the inooihim is relatively uniinfKtttant in testing the susceptibility 
of most q>ectes to the antibiotic agents ^ough genially ^waiting the larger 
the inoculum the more resistant the organism appears. The apparent 
variation in the aenutivity of j^enidliinase-producing strains of stimhylococd 
to penicillin is rdated to the size of the inoculum. With the sulphonamides 
the size of the inoculum may have a marked effect and must merefore be 
carefully controlled. 

Altemativtiy. culture plates may be inoculated first vrith control and test 
oiganisms and strips of mter paper or blotting-paper, about 3 in. loi^ and 
I in. broad, soaked in the solutions of the antimicrobial agents are laid on the 
surface of ^e medium at right angles to the inoculation streaks. 


Agar Medium finr Tests of Sensitivity to Sulphonamides 

Tests for sensitivity to sulphonamides may be unsaWactory because of 
the presence of sulphonamide antagonisers such as p-aminobenzoic add in the 
medium. The use of lysed horse blood overcomes this difficulty (Harper 
and Cawston, 1945). 

The following medium is usdul in carrying out diffusion senntivity tests 
with sulphonamides: 

Peptone (Evans) . . 20 g. 

Sodium chloride . . 2*5 g. 

Sodium glycerophosphate 2*0 -g. 

Agar powder (Davis) 10 g. 

Water .... 1000 ml. 

Dissolve the ingredients in water and add 11 ml. of sodium carbonate per 
litre. Adjust the pH to 7*2-7*4, bottle in 100 or 500 mL amounts and steam 
for 40 min., or autodave at 121” C. for 20 min. Before use, melt the 
medium and add 6 per cent of oxalated horse blood which has been freshly 
lysed witii saponin (2 ml. of a 10 per cent, saponin solution per 100 ml. of 
blood). Mix thoroughly, pour plates and store in the refrigerator for at 
least 12 hr. before use to allow complete neutralisation of the antagoniser. 


DIFFUMON TESTS WITH FILTER-PAPER DESKS 
FOR DETERMINING SENSmYTIT TO ANTIBIOTICS 

This constitutes a simple and reliable techmque specially apidicable in 
routine b«XeriblogicaI worit. It conoMs in impr^natii^ smw disks of a 
standard filta* piqper with given amounts of an antfoiotic, plad^ them on 
{dates of culture medium inoodated with tiie orgamnato be tested and, aiw 
incubation, determining the degree of seoaitiviQr by measuiing the e^ 
vinble areas of inhibitiDn of growth produced by tiM di ff u ti o n w uitfoiooc 
from the disks into the surrounding medium (Gould and Bowie, 1952). 

These ihska are 6*25 tmn. in dbmeter punched from No. 1 Whstma" 
filtar paper and ateriliaed by ^ bmt at 140” C for one hr. in batches w 
100 in saew-oqiped bottles. The loipiiied antibiottc acdutiima are prepay 
ouentiitetively in sterile diatOied vmtar from the {Mep a tati o mi isiued ^ 
therapeutic uaei 1-ml. of the aohititm is added to eadi bottie df 

and as the tdnte of this voltune ia abaoihed, it am be aaaumed that each <ter 



DISK DIFFUSION TEST 

contains approximately 0*01 ml. The solutions are tirerefoit made tip so 
that 1 ml. contains 100 times the required amount of antibiotic (vide 6^a). 
When large numbers of disks are being used it is convenient to bottle in 
batches of 200 or 500, the appropriate amount of antibiotic solution bdt^ 
added. 

TTie disks are used in the wet condition. They can be stored at 4® C 
and will retain their moisture and potency for at least three months in screw- 
capped tottles (tiie caps being carefully screwed down so that the bottles 
are air-ti^t). The disks are placed on culture medium with sterile fine- 
pointed forceps. 

Standard graphs for each antibiotic are prepared by testing disks contain- 
ing varying amounts with a standard organism of known sensitivity, e.g. 
Staph* aur^f Oxford strain, NCTC 6571. The organism is grown 
for 18 hr. in broth and diluted to approximately 100 million bacterial cells 
per ml. by comparison with opacity standards (p. 871). Agar or blood-agar 
plates are moculated uniformly from this broth culture (a sterile capillary 
pipette being used) by flooding the surfaces and then removing the excess. 
The open plates arc then allowed to dry in the inverted position in an in- 
cubator for 30 min. or open on the bench for one hour. Finally, the didcs 
are placed on the medium suitably spaced apart and the plates are incubated 
overnight at 37^ C. For each antibiotic the diameters of the circular areas 
of inhibition are plotted agaii^ the lo^ithms of the antibiotic concentra- 
tions and the resultant graph is approximately a straight hhe. It should be 
noted that the areas of inhibition measured include that of the disk as well as 
the surrounding xone. 


Quantitative luterpretatioii of the Disk Difihsiou Test 

The zones of inhibition of growth may be related to the amemnts of anti- 
microbial agent required for izdiibition of growth in the following manner^ 

The sensitivity (Minimum Inhibitory Concentration) of any test organism 
may be calculated from the prepared graphs by reference to the amount of 
antibiotic reared to inhibit me standard organism to the same de gy 
(diameter). The sensitivitv of the standard organism aureus^ NCTC 

6571) is known ; therefore me calculation of the sensitivity of the test oigansam 
is as follows: 

Amount per disk required to inhibit 

Senaitivitvi test organism sensitivity of 

^ ’^Amount per disk required to inhibit standard organism, 
standard organism to same degree 

For all xoutine tests, disks containing tiie same amount of antimi^it^ 
sgent are used, therefore the amount used to inhibit the test orgSmSto is 
constant. The amount required to ioltibit the stand^oigaifiiflh^b 
The amount required to inhibit the standard organism is from the 

prepared graiAs as in tiie following example for penicillin. the 

diameter of tm zone of iidiibttion m a test or^utism using s 1 
^sk is 13 toto- The graph toe: penicilUn (Fig. 70) thsl a 

containing 0*05 units pe nicillin vdlf inhibit the standard organhan to 13 

ther^efoit iWiAtiriQr of the ttrt OfgWttWi 

pariBi, 
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(Repxoduced by permiMion of the Edinburgh Mediral Journal) 


prepakahon of disks for routine use 

Disks pnntaining the following amounts of antibiotics and other chemo- 
therapeutic agents are used in routine tests; 

benzyl-penicillin 1, 10 and 100 units each. 

ampiolUn 10 and 100 fig- 

penicillinase-resistant penicillins {e.g. methicillin) 10 fig. 


streptomycm 
kanamydn 
neomydn 
badtracin 

chloramiphenicol 
tetrac^cime 
erythromycin 
framycetin 
paromomycin 
cydoserine 


10 and ibO fig. 

10 and 100 fig. 

10 fig. (Diagnostic for Clostridium 100 fig.) 
10 units (Diagnostic for Group A Sir. pyo- 
gena 2*5 ^g.) 

25 fig. 

10 and 25 fig. 

10 ug. 

100 ftg. 

100 ftg. 

100 ug. 


colmnydn and polymydn lOOu units, 
nystatin ^ 100 ftg. 

nntoforantoin 100 fig. 

sulphonamide 250 and 500 fig. 

novobiocin, ristocetin and vancomycin 10 fig. 
fiiddic acid * 10 fig, 

ASter avestiMA inoubatitm the diatneters of ti>e zfitm cS inWbtoon^ 
measured and me senshivitjr obtained firom ti»e corresfxmdu^ jpidfe 
attoants of eadi aatibiotie m/auma^ stoonhatm bo« fooM to 
wi^ aentitive <»sani«iis, aonei of islitititioa odticb aw eai^ meaauwWt* 
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Identificaiim cf the Disks . — The large number of different aniibiotics mA 
chemotherapeutic agents makes identification of individiial disks n eces s ary* 
For this the diAs may be coloured using “cotton** dyes which arc “fasf * to 
the paper and do not interfere with the activity of die antimicrobial agents 
nor exert any antibacterial activity themselves in the concentrations recom* 
mended (Bowie & Gould, 1952). As there is a limitdi range of easily dis- 
tinguishable colours an extended range of disks can be made by using filtc^ 
paper overprinted with dots or lines which is simply done by cutting a stencil 
^th dots or lines and putting the filter papers sheets through a duplicator. 

Cohuring Agents . — Stock solutions of the following dyes containing 25 
mg. per mL are prepared in distilled water and autoclaved. These may be 

indefinitely. 


“Clayton** aniline tolaminc pink red 

“Durazol** yellow ICI GR 200 yellow 

“Chlorazol** sky blue ICI FF 200 blub 

“Duraxol** turquoise blue ICI FBF TURQUpiSE 

‘"Durazol** fast orange ICI R ISO orange 

“Durazol** scarlet ICI 4B, ISO . . . scarlet 


and the following colours are used to identify the various antibacterial agents. 
The stock solutions are diluted to 5 mg. per ml. before use. 


Antitnicrobial 

Agent 

Benzyl-penicillin 

Methicillin 

Ampicillin 

Fuddic add 

Chloramphenicol 

Tetracycline 

Erythromycin 

Colomydn 

Bacitracin 


Dye Solutions 
red 

turquoise 
red diluted 1 : 10 
none 

3:1 mixture of yellow: blue 
1 :1 mixture of orange: scarlet 
1 ;1 :8 mixture of orange: blue :red 
blue diluted 1:10 
2:2:1 mixture of scarlet: orange: 
blue 

1 :9 mixture of blue: yellow 
1 : 4 mixture of orange : yellov 
Scarlei 

1 :10 dilution of blui 
blue 

1 :5 blue: red 
yellow 


Colour 

RED 

turquoise 
PINK with SPOTS 
WHITE idth SPOTS 
GREEN 

TERRA-COTTA 

PUCL 

PALE BLUE mth SPCm 


BROWN 
LIGHT GREEN 
ORANGE 

SCARLET with SPOTt 
LIGHT BLUE 
BLUE 

PURPLE with SPOTS 
YELLOW with SPOTJ 
WHTTR 


Neomycin 
Cycloserine 
Kanamydn 
Framycetin 
Sulphonamide 
Polymyxin 
Nitrofuranto**' 

Streptomycii. 

Whh the exception of the agente mentmwi 
siona of the antibirterud agents, twice the find ^ ^ 

prepare the disks are made by adding aterie SpS3 

t.e. benzyl-pemdlhn, 200 units per ml. (for 1 unit disks), ZOWJ umts per tp 

»«»factoiy, Unwdouied dWa tie used for Btreptomyem, me « 
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polymyxin and bacitracin are first coloured with the dye, dried and then 
impregnated with antibiotic solution. Solutions of these antibiotics are made 
up therefore as follows; streptomydn 1000 /ug. per ml.; polymyxin 10,000 
units per ml; and bacitradn 1000 units per xm. 1 ml. of riiese solutions are 
added to each bottle of 100 disks. 

Disks for sulphonamides are dyed blue and then impregnated with 
solutions of the sodium salts of sulphonamides containing 12*5 mg. per ml. 

Commercial disks are available, impregnated with antibiotic and marked 
to indicate the nature of the drug, ^me of these are of absorbent paper, 
others consist of a vehide with antibiotic and binding agent compressed 
into a tablet (Sleigh, 1958). The amount of antibiotic in these preparations 
has been found to vary. For ease of placing multiple (disks simultaneously 
on a plate some are made available with a mechanical q^penser. Others are 
manufactured with the disks joined together and prolonged storage under 
variable conditions may result in a falling off in potency. The substances 
used as vehicles or binding agents in the tablets may tie biologically active 
and under test conditions become antibacterial or interljere with the action 
of the antibiotic. For these reasons the standardisation of commercial disks 
for antibiotic sensitivity tests is desirable (see Greenberg et al.^ 1957). If 
commerdal disks are used it is recommended that they be compared with 
fresh disks of known potency prepared in the laboratory. 


SENSITIVITY TESTS 

Primary . — In testing organisms of unknown sensitivity a r^ult adequate 
for clinical purposes can be obtained from a primary sensitivity test in the 
majority of cases. 

Indeed the results may be more relevant to the case since the inoculum 
may represent more correctly conditions pertaining in the patients tissues, 
and when multiple species are present any interaction between them and Ae 
antibiotics will be detected. Further it is often easier to appreciate which 
antibiotic is most effective against all the flora isolated. 

An additional advantage of the use of the disks on the diagnostic phtes 
is the creation of locally selective zones which often allow separation of mixed 
species and therefore facilitate identification. 

vhitn these tests arc carried out under anaerobic conditions the apparent 
activity of some antibiotic is changed; e.g. streptomycin has usually reduced 
zones of inhibition. 

The area of initial inoculation (reservoir) of the specimen on the diagnosuc 
culture plate is made so that it covers a sumdent area of the medium 
material b spread as uniformly as possible. Disks containing anfimicrobiai 
agents are applied within this area, their centres s^arated by two or 
centimetres. After incubation the zone of inhibition, if any, is iBCWjnea. 
These may be compared with the results of subculture teste if desired. There 
wfil be a number of primary teste in which the inoculum is so fl>arsc tnc 
result Cannot be assessed properly, and in such cases recourse to a subcultur 
test is necessary. . i 

Secofu 2 ii» 3 f.-><Subculture 8 of the test oiganisms are made in ^ 
incubated for 6-18 hr. Any density of inoculum may be uied, 
cases the surfaces of odture dates may be sown as already <tes«»fo 
oontainum umrcndmatm 100 mi^n cells p« mL Aftw . 
sorfime dU» are a{>idied» Ibe plates inculM^ and sons* of lombiti 
steeasuxed. 
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R^Uca Plate Method to thaw atul 

Bactericidai Action 

A zone of inhibition of ^ovrth atound a disk in the precediiw teat may 
indicate that the antimictobial agent is either bactericidal or merely bacterio- 
static. The presence or absence of living organisms within the zones of 
apparent complete inhibition of growth on antibiotic diffusion plates may be 
shown by the replica plate method (Elek k Hilson, 1954), Bacteria axe 
transferred from me surf^ of the sensitivity test plate to a second (replica) 
plate cont a i nin g no antibiotic, without disturbing their spatial relationshms. 
This is done by means of a “stamp”. Cylindrical wooden blocks, 3 cm. in 
height and of a diameter slightly less than the Petri dish used, are made &om 
seasoned, close-grained wood. The surfaces should be as even and smooth 
as possible. An even layer of latex adhesive is brushed over one f ace and a 
piece of g«md-quality furnishing velour of about 2*5 mm. vdth a 

close pile, is smoothed over the surface with the pile facing away from 
wood. Trim the ed^ of the velvet to the block. These “stamps” are 
autoclaved and stored in pairs with their faces in contact They may be used 
repeatedly until the velvet becomes matted or imeven, when the fabric must 
be replaced. 

The velvet surface of a sterilised “stamp” is pressed evenly and firmly 
on the surface of a sensitivity plate, avoiding lateral movement The aramp 
is then lifted off wd pressed firmly on the replica plate. Tl^ plate is in- 
cubated and examined for ^wth within the areas corresponding to the zones 
of inhibition on the sensitivity plates. Approximately 1 per cent, of rh* 
organisms are transferred from plate to plate by tiiis tedmique. 


Serial Diludon Tube Technique 

Serial dilution tests in which the concentration gradient is discontuiuotis 
are frequently used to determine the antibiotic sensitivity of strains of 
bacteria and to assay the antibiotic activity of body fluids during treatment. 

To each of a series of sterile stoppered test-tubes a standard volume of 
medium that will support the growth of the test organism is added A 
solution of the antimicrobial agent is prepared in broth and a series of 
doubling dihitions prepared (Fig. 71) with sterile pipettes. The range of 
concentrations shoiud extend from at least twice the highest concentration 
likely to be found in the tissues during treatment to half that which inhibits 
the growth of the most senritive member of the species being tested A 
control tube containii^ no antimicrobial agent is included The inocuhim, 
contisting of a w itsMe dilution of an overnight broth culture of tire test or 
standard control organism, is added, one loopfiil to each tube. 

The tubes are inffli bat ed at 37° C. for 18-24 hr. and esunined'for tuibidSty. 
The tube with ^ hi ghest dilution showing no visible turbidity is tire 
°unimum i^bitory concentration (bacteriostatic concentration). To 
measure tire bactericidal concentration it is necessary to subculture fiom 
the tub(o showingno vitibk growth on to agar or into tooth free of anti- 
microbial aguttiTlie highest dilution yielding no growth fr the bactericidal 
concentration. Where available, a sp^o neutraliaer of the antimlcroMal 
agent ahouH be need in tire subcultute nmdium, 041 , penldlfinilse fto pooi- 
^fUin. Whei^ poatible, replicate tota should he set up ail^ 
tltratimis witil ocoiirol oagsnisms of known sensitivities csrried out 
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Fio. 71 

Serial dilution tube test. (Gould, J. C. (1960). BnU med. Bull, 16, 29.) 


TESTS FOR ANTIBIOTIC SYNERGISM AND ANTAGONISM 

Mixtures of antibiotics may show greater or lesser bactericidal effects 
than equivalent concentrations of the individual components alone. Methods 
to determine these effects are used to help in the selection of antimicrobial 
drugs in the'treatment of some infections such as cases of subacute bacterial 
endocarditis in which a single drug does not control the growth of the in- 
fecting microbe. The exact concentrations of component antimicrobial drugs 
in a mixture having the greatest bactericidal effect may be ascermined only 
by setting up large series of tubes containing combinations of different 
concentrations of eadi drug. However, for most clinical purposes other of 
the foUowing tests gives an adequate re^t 


Tube Test to measure ComUned Antibiotic Action 

This ocnnparatively simple test uses a limited number of tubes and a 
sin^ concentration ol each drug to be tested in comb^tion, the concentra- 
twTi beins that most tikdy to be attaned in the tissues during therajiy 
(Chabbeit, 1%3). 

Antibiotics in their appropriate concentrations are added to tubes c^- 
Swe^wn^nd us^^ brotiL The combinatioaB that tppear on p. wl 



^ Bt 37® c. and aoaSat lembd is 

)3/f ^ 
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Tvbel 

Tubes 

ri«&e4 

Penicillin 

Penicillin 

PenicilHn 

+ 

-b 

4- 

Streptomycin 

Chloramphenicol 

Tubes 

Tetracydine 

Tubes 

Tube! 

Streptomycin 

Streptomycin 

Strqptomycin 

Tubell 

Control 

No Antibiotic 

4* 

Chloramphenkbl 
Tide 8 

Chloramphenicol 

4* 

Tetrac 3 rcline 

riifc9 

Chloramphen 

4" 

Tetracyline 
Tide 10 
Tetracycline 


A duplicate set of tubes may be set up, but with a more dilute inoculum, 
e.g, a 1 in 10,000 dilution of an overnight broth culture, since increas^ 
bacteriddd effects, if any, may be more easily observed under these condi<* 
tions. 


The Disk Test to measure Combined Antibiotic Action 

Some information on the combined effect of two or more antibiotics in 
vitro can be obtained by using the disk technique after the manner of 
Lamanna and Shapiro (1943). The disks are placed with their cen^ at a 
suitable distance apart so that the respective antibiotics will diffuse into one 
another to produce a continuous range of concentrations in the early hours 
of incubation. This is best done after subsulmre tests have dctemmed the 
sensitivity of the test microorganism to individual antibiotics, e,g. and 
*‘B”, and the position of the disks contain^ these antibiotics can be ore- 
determined to effect the desired concentration mixtures; for example, disks 
A and B can be placed x mm. apart when a being the mdius of the 

zone of inhibition with A and b the ssone with B. After incubation, the two 
zones of inhibition will make contact and there will be a thin wedge of growA 
on either side of the point of contact of the zones. When there is appreciable 
additive or synergisitic effect by individually sub-inhibitory amccnfa^ons 
of A and B, the growth in the area of these wedges is inhibit^. On other 
occasions resistant growth within the zone of inhibition produc^ bygone 
drug may be inhibited by relatively small concentrations of the other wtuim 
has diffused into the aiea. The concentration of the m<hvidusd com^^ 

producing these inhibitory elfects can be inferred from the stand^ 
m the usual way by measuring the distances from the individual di^ to the 

» rimilariy Aam 

by decrease in the rize or the zones of inhibition. 
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effect in cases of tuberculosis infection if the organism is sensitive to the drug. 
Unfortunately, tubercle bacilli may become resistant to these drugs in a few 
months, especially when they are given alone, so that it is customary to 
administer two or more drugs simultaneously. It is essential therefore to 
test strains before and at intervals during treatment, to determine that the 
organism is and remains sensitive to the drugs used* 

The criteria for interpreting resistance from the tests to be described have 
bwn determined by closely correlating the results of sensitivity tests with 
clinical findings. 

Sensitwity to Streptomycin. — The testing of strains of tubercle bacilli for 
sensitivity to streptomycin is carried out on Lfiweiiistein-Jensen medium. 
Dihydrostreptomycin is used because of its great< heat stability. The 
antibiotic concentrations used are 1 fig. per nd. by ivofold increments to 
64 fig. per ml* These are the actual concentrations i the medium before 
inspissation. A control without the drug is included, dispense the medium 
in 1*25 ml. amounts into J-oz. screw-capped bottles. Inspissate for one hr. 
at 85® C. to produce a firm medium and store in the yefrigerator at 4® C. 
They may be kept for at least one month without loss of potency of the 
antibiotic. 

To prepare the inoculum, sterilise ^-oz. screw-capped bottles containing 
0*1 ml. water and six |-in. glass beads. Make a suspension of the culture to 
be tested by shaking a loopful of the growth in the 0*1 ml. water on a mech- 
anical shaker for a few min. and dilute to a standard suspension. Use an 
inoculating loop of 2*5 mm. internal diameter of 22 SWG wire diameter and 
streak a loopful of the suspension up the centre of the control and each 
antibiotic-containing L.J. slope. This will give an inoculum of lO^W 
particles per slope. In each batch of tests include a control test using the 
standard drug-sensitive strain of Myco. tuberculosis H37 Rv. Read at the 
end of 28 days* incubation at 37® C. 

The end-point is the lowest concentration of the antibiotic that inhibits 
growdi. Growth is considered to be inhibited if fewer than 20 colonies 
appear on the slope. The result is expressed as a resistance ratio by com- 
parison with the control as follows: 

Lowest concentration of the antibiotic that inhibits 

. . paticnt*8 strain of Myco. tuberculosis 

tance concentration of the antibiotic that inhibits 

the standard drug-sensitive strain, H37 Rv 

For example, if the patient’s strain is inhibited by 16 fig. per ml., and the 
standard, drug-sensitive strain by 4 fig. per ml., then the resistance ratio is 



Strains are considered resistant to streptomycin if the resistance ratio is 
8 or more. A ratio of 4 is suggestive of resistance, but not conclusive. In 
such a case, other cultures from the patient’s strain should be tested and the 
previous chemotiherapy considered. ^ ^ ^ 

or conccmrttvivm w 

expressed as a re s ista n ce ratio, 
mote stable and more soluble. 

Strains an oonsidend resistant to PAS if the resistance ratio is S or ino^ 
A nsdo of 4 is suggestive, but not condusive. In such a mse* other outufw 
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froxn th® patient’s strain should be tested and the previous chemotherapy 
considered 

Senniwity to The following method is that recommended by 

the Med^ Research Council (19S3), The medum, me^od of inoculation 
and period of incubation are the same as for testing streptomycin sensitivity 
and the concentrations of isoniazid 0-2; 1; S and SO ftg. per ml. The end- 
point is the lowest concentration inhibiting growth to 20 colonies or l es s. 
Strains are resistant to isoniazid if growth occurs on 1 /Ltg. per ml. or more. 
Growth on 0*2 fig. per ml. is suggestive of resistance, but is not conclusive. 
In such a case other cultures from the patients strain should be tested and 
previous chemotherapy considered. 

Alternatively, a doser range of isoniazid concentrations (from *025 to 
0*8 /ig. per ml.) may be used and the results reported as the resistance ratio. 
A ratio of 4 Indicates resistance. 

For alternative methods for estimating the sensitivity of Myco, tuberculosis 
to these drugs see Canette et aL (1963). 

Sensitivity tests for other Antitubercular Drugs, — ^Tests for viomycin, 
cycloserine and oxytetracycline may be carried out in a manner dmilat to 
that for testing streptomycin. 


TITRATION OF ANTIMICROBIAL AGENTS IN 
BLOOD AND OTHER BODY FLUIDS 

It may be desirable to esitmate the amount of antibiotic or other anti- 
microbial agent in body fluids during treatment to ensure that an adequate 
dosage is being administered. The methods employed are similar to mose 
used to determine the sensitivity of bacteria to antibiotics. A simple method 
suitable for most clinical purposes is as follows. 

The fluid to be examined is collected aseptically. If it is likely to be 
contaminated with microorganisms, these must be removed, e,g, by filtration. 
Blood is withdrawn by venepuncture and the serum separated, being centri- 
fuged if necessary to free it completely from suspended red cells. The test 
should be carried out as soon as possible after collection of the fluid. 

Suitable dilutions of the fluid under examination are pr^ared in broth 
and inoculated with a standard organism of known sensitivity such as the 
Oxford strain of Staph, aureus which is sensitive to concentrations of all the 
commonly used antimicrobial agents that can be e^ily attained in the 
tissues. A control tube containing the medium alone is includ^. The tubes 
are incubated for 18-24 hr. and examined to find the tube with the highest 
dilution that has no turbidity. 

A control test is set up in parallel using a fresh sample of the same body 
fluid known to contain no antimicrobial agent and to which a known amount 
of the agent being assayed has been added. By comparing the dilutions 
that inhibit the growth of the standard organism an exact estimation of tiie 
amount of antinucrobiai agent can be made, taking into account the bacterio- 
atatic action of the fluid under test, e,g, if the unluiown fluid inhibits 
at a dilution of 1 : 60 and the control fluid containing 5 /ig./mL at a ollution 

60 

1 : 120, tiie unknown contains 

Est inittf iffld of in santsn nnd cef^difiiiapliinl ftitid 

The method recommended by the MRC Subcommittee (MRC 
1948) can be used when a rapid clinical assay is required. Wh» a nshif 
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precise determination is required, the method of Mitchison and Spicer (1949) 
may be used. 

There are numy detailed techniques, both chemical and biological, for 
assaying individual antibiotics, and tor these appropriate textboob should 
be ccm^ted {e.g. Kavanagh, 1%3). 


PRODUCTION OF PENICILLINASE 

Penicillin is rapidly destroyed by the products of growth of many organ* 
isms, and such material has been termed ‘^penicillin^”. Some strains of 
B. siAtilis produce it in lar^ quantities. Penicillinase is useful when it is 
desirable to destroy penicillin present in body fluids from which cultivation 
tests arc carried out: for example, blood culture, when ascertaining the 
survival times of organisms subjected to the action ofi penicillin or when 
testing preparations of penicillin for sterility. \ 

B. ^tiUs (strain NCTC 6346) is grown in broth, th^ culture is filtered 
and the resultant fluid constitutes ‘^penicillinase”. The nitrate is tested for 
potency, with penicillin and the standard Oxford strain of staphylococcus. 

Preparation of PenicilUnase 

Distribute digest broth in shallow layers in 20- or 32-oz. flat bottles. 
Inoculate the broth with a culture of B. suhtilis (strain 6346). 

Incubate the bottles horizontally for 14 days at 26® C. A pellicle forms 
which is shaken down each day. 

At the end of incubation, filter the culture through a Seitz disk. The 
filtrate contains 100,000 units or more of penicillinase per ml. 

TesU for Potency 

Make up a solution of penicillin, 1000 units per ml* 

Prepare in tubes or bottles a series of 10 ml. amounts of broth containing 
1000 units of penicillin, and add varying amounts of penicillinase. 

Inoculate each tube or bottle with a loopful of an overnight culture of 
the standard strain of staphylococcus, and incubate for 48 hr. 

The end-point is the least amount of penicillinase that allows growth. 
This amount neutralises 1000 units of penicillin and thus contains 1000 
units of penicillinase. For example, if the least amount of filtrate permitting 
growth is 0*005 ml., then the penicillinase content is 200,000 units per ml. 
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CHAPTER 54 

IMMUNOLOGICAL AND SEROLOGICAL METHODS 

The classical techniques for detecting antibody-antigen reactions^pre- 
cipitation, ^lutination, and complement-fixation have been described in 
Chapter 7. These techniques are of considerable value in identifying unknovm 
antigens and detecting the presence of antibody in the serum of an immunised 
subject. They have provided a basis for precise quantitation of antibody 
and antigen and for qualitative studies of high resolution and specificity. 
The last few years have seen the introduction of refined precipitin methods 
by the use of gels and other forms of support media, ^d the technique of 
immunodifiiision has become widely used in immunological work. The 
application of the agglutination phenomenon has been mended to include 
the use of non-particulate soluble antigens in the reaction. This has been 
achieved by the use of tannic acid treated red cells, or\the inert particles 
polystyrene latex, bentonite and collodioa These particulate materials are 
coated with the soluble antigen and become susceptible to agglutination by 
the appropriate antibody. Complement fixation techniques are available wi^ 
a high degree of sensitivity and micro methods can be used where only small 
quantities of reactants are available. Extensions of this procedure, making 
use of non-haemolytic complement and the conglutination phenomenon, 
have been devised with further increase in sensitivity. Other techniques are 
now available which are not derived from the cla^ical liest tube reactions 
of antigens and antibodies. Thus the introduction of the fluorescent antibody 
and isotope labelling techniques has enabled the study of the fate of injected 
antigens and antibody, the localisation of invading microorganisms and the 
distribution of tissue antigens. The passive cutaneous anaphylaxis tests will 
detect minute quantities of antibody injected into guinea-pig skin. 

The next section of this chapter consists of a general discussion of the 
basis and use of some of these methods, together with some of the common 
diagnostic procedures described in detail. 

The sensitivity of each of the main types of reactions arc indicated in 
the appropriate sections and are expressed in terms of the minimal quanti^ 
of antibody nitrogen that can be detected by the method. As nitrogen is 
an integral constituent of all proteirm, quantitative analysis for protein is 
conveniently carried out by estimation of the nitrogen. The antibody 
nitrogen estimations are made from the analysis of the washed specific 
precipitates by the micro-Kjeldahl method after complete precipitation of 
the antibody by addition of antigcfT in slight excess (Rabat & Mayer, 1961). 
Thus in a particular serological test if an antiserum containing 1 mg* of 
antibody nitrogen per ml., as estimated by the micro-Kjeldahl m^od, rives 
an end point in the test at a dilution in 1 ml. of 1/1000 the test is capable of 
detecting as litde as 1 microgram (ftg.) of antibody expressed as nitrogen. 


AGGLimNATION 

The aggregation of cells or particles is brought about by antiboch mole* 
cules linking across from one cell or particle to another sncl^so forming 
visible affiregatea. Thia is possible only when the sntigen sgShst which 
the antibody is directed is at or near the surface of the cell or particle 0^ 
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certain cases special treatment of cells, e.g. by enzymes, is employed in order 
to expose anti^ns below the cell surface). 

A^lutination tests are performed by mixing a dilution series of antiserum 
with a suspe^ion of the cells or particles. The method is used to 
sera for antibodies against salmonella and brucella and, uri ng standard 
antisera, to identify ceU suspensions. 

In general the underlying principle of the technique of agglutination tests 
in enteric infections is to examine serum quantitutivdy for agglutinins towards 
the particular organism. For this purpose the method usually adopted is to 
mix varying dilutions of serum (made up in saline solution) with a fixed quan- 
tity of a u worm and stable suspension of the organism, the mixtures being 
placed in narrow tubes, kept at 37® C. or 50®-5S® C. in a water-bath for a 
certain length of time, and tiien examined for visible agglutination or floccula- 
tion of the suspension. The agglutinated organisms tend to sediment, and 
the reaction can also be gauged by the amount of deposit in the tubes and 
the clarity of the supernatant fluid. The strength of the reaction can be 
stated in terms of the highest dilution (“titre**) that produces agglutination. 

The Meaning of Titre , — ^The titre of an antiserum is a measure of the 
number of antibody units per unit volume of the original serum; thus if the 
last tube showuig a reaction e.g agglutination or lysis, contains 1 ml. volume 
and is a dilution of 1/128 of the original serum, the titre of the serum is 128 
units of antibody per mL of serum. Titre is often mistsJcenly expressed as 
a fimction of dilution without reference to unit volume. 

Blood specimens for agglutination tests are taken by vein puncture, so as 
to obtain a satisfactory amount of serum for the complete test. At least 5 ml. 
of blood should be obtained, and the blood immediately transferred from 
the syringe to a dry stoppered sterile tube or screw-capped bottle and allowed 
to clot. When the serum has separated, it is pipetted off into a sterile tube. 


THE WIDAL TEST 


The nature of the Widal agglutination reaction and its applications in the 
diagnosis of enteric fever are referred to on p. 227 et seq. 

In the routine Widal reaction the patient’s serum is tested simultaneoudy 
with each of the organisms likely to be responsible for enteric fever in the 
particular region, e.g. in Great Britain at the present time, S. typki and 
S. paratyfidB. In other parts of the world 5. p^atyphi A or C may require 
to be included. As explamed later, additional information can be obtained 
by testing separately for H and O agglutinins (p. 910). Thus, the Widal test 
generally involves parallel tests witii different Salmonella group otgamsms, 
and also dififerent forms of the same organism. 

In addition to the tests with typhoid-paratyphoid organism, it is the 
practice in many laboratories to test also for Br* abortus agglutinins, and, if 
considered necessary, with Proteus X19, X2 and XK for typhus infoctkm 
(p* 489), tfaftis increasing the number of parallel tests carried out. 

To sknpUfy description a single test trill be referred to. 


Requisites 

l-nd. pipette graduated to the tip in l/ 10 lhs and l/lOOths; 0*1 wL pipem 
graduated to the tip in l/lOOths and l/SOOlhs; a rubber teat, or i^rabiy 
^ niouth-pieco for pipetting by suction, i.s. 3 in. of 5-7 mm* oom 
tubing with M 2 in. of rubber tubinff attached which cm be fitted to m 
top (rfthe ^pette (ride The free end erf the>outh^ 

in the bunsen * 4 

Stetiab 045 per cent, saline; test-tubes 3x| in.; aj^^«tinatiim mm 
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3 X ^ in., or Dreyer's agglutination tubes with rounded bottoms (not conical 
as origm^y made); test-tube radis suitable for the tubes used; smaU beaker 
or similar container for saline solution; grease pencil for marking tubes; 
cafttlkry pipette. Automatic 83 rringe 8 (see p. 941) containing 1*0 ml. and 
adjusted to deliver 0*4 ml are conveniait and save much of the time required 
in the usual pipetting method. 

Bacterial Suspension 

The strain used must be carefully selected and known to be suitable for 
the diagnostic agglutination tests. It must be a motile Vsmooth” form of the 
particiuar type, and if the organism is ^^diphasic”, e.g.[5. paratyphi J3, must 
r^resent the specific phase. Since the antigens of Wbriae (p. 247) are 
similar in different types of Salmonella^ the use of suspensions prepared from 
fimbriate cultures may lead to confusing cross-reactions. Non-fimbriate 
cultures may be obtained by two or three successiye suDcultivations on well 
dried agar plates; liquid media should not be used. \ 

It is now a general practice to use standard suspensions such as those 
described later; but if it is desired to prepare a small quantity of suspension 
for immediate use the following method can be adopted : add in fractions 5 ml 
of physiological saline to a well-grown 24 hours* agar slope culture, and 
emulttfy the growth with the aid of a wire loop. This suspension can be 
standardised to a suitable opacity, e.g. tube 1, Brown's opacity standards 
(p. 871). The suspension is decanted and allowed to stand for half an hour 
until bacterial clumps and fragments of agar have sedimenfod. Alternatively, 
it may be centrifuged for one minute. 

Serum DUutaous 

First make up a 1 in 15 dilution of the patient’s serum, and from this 
prepare a series of doubling dilutions in small (3 x ^ in.) test-tubes: 

© © ® CD © © 

/ ma /MM /MM /M/to /MMO / M fM eo/n/rot.- 

MOSt/fW* 

The actual procedure is as follows. 

In ^ rack place seven tubes as above; add 0*4 ml. saline to each of the 
tubes 2 to 7; in a separate tube add 0*1 mL patient’s serum to 14 mL saline, 
Le. a 1 in 15 dilution; wash out the pipette thoroughly in saline solution; 
add to tubes 1 and 2 04 ml. of the 1 in 15 dilution of patient’s serum; the 
dilution of serum in tube 2 is now 1 in 30; after thorough mixing withdraw 
0*4 ml. firom tube 2 into tube 3, znakin^ now in tube 3 a 1 in 60 dilution of 
serum; withdraw 04 ml, from tube 3 into tube 4 , m. 1 in 120, and so on 
till a ttilution of 1 in 480 is obtaiimd in tube 6 ; withdraw and dJa^d 04 ml 
from tube 6; tube 7 contains saline onl^. 

0*4 mL of tire bacterial suq>enuon is added to each tube and the pipette 
is then sterilised. 'The ddutions of serum are now: 

© © © © © © 

/MM ImM /M/to /MMO /M* / m StO 

If the amount of serum available is insuffident to allow of Q4.mL bei^ 
used for tihe varioUB serum dilutions, a smaU volume, t.g. 0*3 or even 0*2 ^ 
may be eaqihqred with, of course, ^ same volume of bactnial su i p wtteo n. 
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The mixtures are transferred with a capillary pipette to agglutinatioii 
tubes, starting with tube 7. 

An alternative method of pr faring doubling dilutions of serum and malung 
mixtures of serum and bacterial suspension is to use a * 
pipette made by slightly constricting a capillary pipette so tl^t the volume 
of fluid contained in it from the tip to the constriction is about 0*25 ml., 
the capiUary stem being 3]^ to 4 in. long j and not too fine in calibre. This 
pipette is actuated by a teat, and with it the serum can be nuufe 

direc^y in the narrow agglutination tubes; thus, after preparation of the 1 in 
15 dilutions, the constant volume measur^ with the capillary pipette is sub* 
stituted in the directions above for the 0*4 ml. volume of serum dilution, 
saline or bacterial suspension measured vdth a graduated pipette* * The 
contents of the tubes are mixed by gently bubbling air through the fluid by 
means of the pipette, starting with tube 7. A convenient dilution procedwe 
employs an automatic pipette (p. 941). 

To observe agglutination of the H type (p. 910) it is usually sufficient to 
incubate at 37° C. for two hours and then leave for half an hour at room 
temperature. (Some workers prefer incubation at 50-55° C.). ‘Xarge- 
flake” clumping or agglutination can easily be detected with the naked eye 
in a satisfactory light. The flocculi also sediment rapidly and the deposit is 
quite perceptible in the narrow tubes. 

When agglutination of the O type (p. 910) is tested for, readings should 
be made aner 4 and 24 hr. as ^is form of reaction develops slowly. It 
was at one time considered advisable to incubate at 50°-5S° C., but it has 
been shown that prolonged exposure of O agglutinins at this temperature 
level may weaken the agglutination reaction, and it is preferable therefore 
to incubate for 2-4 hours at 37° C. and then to keep the tubes at 4° C. in a 
refrigerator for 20-22 hr. The clumps are sm^ and “granular” and 
observations are aided by the use of a h^d-lens and a strong illuminant. 


Pipetting with a Graduated Pipette and Mouth-Piecc 


The glass mouth-piece is held between the teeth a1 
the right corner of the mouth, and the top of the pipette 
is supported between the second and third fingers oi 
the right hand so tibmt the rubber tube immediatel) 
above the end of the pipette can be compressed betweer 
[ the thumb and the mst finger (see figure). The fluic 
is drawn up, e,g. from a test tube, into the pipette bj 
suction unti the columnextends just above the requirec 
graduation mark. The end of the mouth-piece is ther 
^osed with the tongue, and the column of fluid is de- 
pressed to the particular level by gentle pressure or 
the rubber tubing between the thumb and fore-finder 
With the tongue siitt firmly appUed to the mouihrpieo 
this exact volume of fluid can be transferred from th< 
original tube and then expelled from the pipette intt 
anc^r tube* 

Thfe method, for whkh the necessary skill is 80 ^ 

acquired by practice, permits of accurate and rapu 
"f^oasurements of even small volumes. 

, The irlaas-tube of the mouth-piece can be stcnitaec 
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Measuresnent o£ Semin and otlier Fliiida lijr Drdpa 

Some serological wodcers prefer to make measurements of serum, saUne, 
etc., in terms of drops delivered from a suitable dropping pipette. This 
consists in its simplest form of a piece of glass tubing drawn out to capillary 
dimensions (as in the capillary pipette). Alternatively, special dropping 
pipettes can be purchased. pipette is actuated by a teat When used 
it is held vertictmy and the fluid in it is allowed to drop slowly from the 
cafullary stem. 

The following exemplifies the carrying out of an jlutination test by 
this method. In a suitable rack place a row of five 'prayer’s agglutination 
tubes and a test-tube (aboutSxfin.) which maybe < " I the “dilution tube”. 
Into this tube measure with the dropping pipette 18 d^pps of normal saline. 
Similarly, add 2 drops of the serum and mix. This yields a 1 in 10 serum 
dilution. Saline, serum dilution and bacterial suspensiw are now added to 
the five agglutination tubes as follows: — \ 


Tube 1 2 3 

Drops 






mrnmrnmm 

\ 

Saline . 

0 

5 

8 

9 

10 

Serum, 1 in 10 

10 

5 

2 

1 

0 

Bacterial suspension 

15 

15 

15 

15 

15 

Final dilution of serum . 

lin 

25 

1 in 
50 

1 m 
125 

1 in 
250 

Control 


The tubes are incubated and the observations then made (vide supra). 
Full details of the preparation and use of dropping pipettes is given by 
Ffldes (1931). 


Bacterial Suspensioiis tot Testing H and O Agglutinins 

Formolised and alcoholised suspensions supply the necessary reagents for 
testing H and O agglutinins respectively,^ and it is also advisable to use for 
such tests selected strains which are sensitive to H and O sffilutination. 
Formalin interferes with O agglutination, and in the case of motw flagelhte 
organisms, e.g. S typki, formolmd suspensions show the large-flake anlu^- 
tion characteristic of the H antigen (p. 115). The reactivity of the Hantigen 
can be annulled by alcohol, and if ^tures are treated with alcohol a suspen- 
sion representing the O antigen alone can be obtained. 

Hnimlutmam FormoUsM Suspensions are prepared by adding 0*1 pei’ 
cent, ot Formalin (0*04 per cent, formaldehyde) to a 24 hr. brou culture 
or by suspennng a young agar culture in saline containing 0*1 per cent 
fbmudin. 

O-aggbstssuile Alcoholised Stispensiom are |»epared as follows: plate out 
the organism and select a smooth colony; subculture this on phenol ^ 
(1 in 800 phenol); scrape off the growth in tiie minimum amount of saline, 
emulsifying very ouefully, and add about 20 tunes the vohinae of absolute 
alcohol; h^ at 40”-50'’ C. for half an hour; centrifuge (if necessary) 

* Stsadard suspensions for the IK^dal and other saduthuaion iwitsKms ^ 
ehttined finamthe Standiuds LsfxuMoty, CtBSUal PidtUnietitli Labortnuy, Cohne*^ 
Avsnas^ Lostdon , M.W.9. 
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suspend ^ deposit in s^ne to the proper density, with chlontfortn ss a 
preservative* This emulsion keeps moderately well, but if an old suspensioit 
is used, it should be centrifuged and re-suspended in fresh saline* The 
original practice of keeping O suspensions in alcohol and diluting when 
ready for use is not recommended as the alcohol eventually the 

agglutinability of the organisms. 

The Typhoid B^us Vi Agglutination This test has a limited 
application in the diagnosis of suspected cases of enteric fever, but is of value 
in the recognition of carriers of the typhoid bacillus. 

The bacterial suspension should be prepared from a selected strain that 
responds only to the Vi agglutinin and is not acted on by the H and 0 
agglutinins. It loses sensitiveness on keeping, and should not be used after 
two months. The test mixtures are made up and incubated in 3 X ^ in. test- 
tubes. A series of doubling dilutions of the serum is prepared, the initial 
dilution being 1 in 10 and the last tube in the series bein^ 1 in 640. An 
additional tube is included, for control purposes, containing saline only. 
The amount of each dilution should be 1 ml. One drop (0*05 ml.) of the 
suspension is then added to each tube. Incubation is carried out at 37^ C. 
for two hours and the tubes are then allowed to stand at room temperature 
overnight To observe the result, the tubes are examined in ordinary day- 
light, being held somewhat tilted, and the type of sediment determined with 
the aid of a hand-lens. In the control the sedimented organisms should 
form a small, circular, well-defined, compact deposit If marked agglutina- 
tion has occurred, the deposit, consisting of clumped organisms, is scattered 
over the foot of the tube. Intermediate degrees are also observed. ^'Standard 
agglutination*’ is denoted by absence of the central deposit and bacterial 
clumps occupying about half the area of the foot of the tube. It has been 
pointed out ^t sera with haemolysed red cells may give false positive 
reactions in low dilutions. 

In cases of suspected typhoid fever, standard agglutination in a titre of 
1 in 10 is considered significant, but repeated tests and demonstration of a 
rising titre would make the res^t more conclusive. In suspected t 3 rphoid 
carriers a titre of 1 in 10 would also be regarded as suggestive. 


OTHER AGGLUTINATION TESTS 

V 

The agglutination techniques described above are also applicable tc 
diagnostic tests with various Salmonella group organisms, Br. mditensis oi 
Br, abortus^ Proteus X19 (Wcil-Felix reaction of typhus fever^, etc. Tbesi 
may be carried out at the same time and in parallel with the Wtdal test Thi 
series of dilutions tested can, of course, be varied accor<Ung to the rangi 
within which, agglutination is likely to occur. It is essential in aQ cases 
make these tests quantitative so that the '*titre” or highest dilution in whki 
aedutination occurs, can be estimated. 


«msimrrwvvY*TTR lura ACRILUTINATION IBS!! 


. {l) PiOme* tmm 10 ml. is required. Two san^ of e^ shoul 
be testedt the first during the acute phase of the tl l ne s s and the 
•ftersaiBtorwIona-Wdam . ... L. 

JMAtM wumms iriAf hi* ffiflctivat^ St 56 C. SS t w i S wWftUlSI ttie WtM 



912 MEDICAL MICROBIOLOGY 

(2) Sir^tococau “MG'' Suspamott, Remove the |[iDwth from a 48 hour 
dig^ l»oth cultum of the organism by centrifugation and vrash it tWe 
times vnth sterile saUne. Kill the suspension by luting in a water bath at 
100° C. for 30 min. After one further washing with saline make the sub> 
pension ap to a standard density (Brown’s opadty tube No. 5, see p. 871) 
and add merthiolate 1 in 10,000 as a preservative. 

(3) Standard positive rt^t antisenm. 

(4) Physudogtad stdme. 

The Ten 

Use 3 X i in. tubes: Set up a rack containii^ 7 tubes. i In the first tube 
place 0*8 ml. saline and 0*5 nd. in the remaining tubes. 0*2 mL serum 
to the first tube, miic thoroughly and transfer 0*5 mL of le mixture to the 
second tube and continue preparing doubling dilutions to end of the tow. 
Include a control tube containing 0*5 ml. saline only. each tube add 
0*5 ml. Streptococcus MG suspension. Final serum dilu ins are 1 in 10, 
1 in 1 in 40, 1 in 80, 1 in 160, 1 in 320, and 1 in 640. 

'\^th eadi batch of tests a titration of the positive rabi serum should 
be induded. 

The tubes are incubated overnight in the water bath at 37° C. 

A rising title between acute and convalescent sera (at least four-fold) is 
regarded as significant. A titre of 1 in 20 or over is regarded by some workers 
as suggestive. 

Sm should not be screened by using a single low dilution tube method 
as a proaone is frequently observed. 


“COLD AGGLUnNATION” REACTION 

It has been shown that in cases of primary atypical pneumonia the serum 
may agglutinate at low temperatures human eryriirocytes of the blood group 
O. This reaction is absent in other types of pneumonia, other infections of 
the respiratory passages and normal in^vidui^, and has been suggested as a 
niMna of Confirming a diagnosts of atypical pneumonia. The reaction, 
however, tends to be late in its appearance during the illness. The test can be 
carried out quantitatively by prqraring a series of nine doubling dilutions of 
Mnim from 1 in 8 to 1 in 2048 and ad(mig to each an equal volume of a 0-2 per 
cent, suspjension of washed group O human red celu. The mixtures are 
plsM:^ in a refrigerator at 0°-4° C. overnight after which readings of agglutina- 
rion are tnadi» ^ alwlfing the tubes and observing clumped cells with the 
nahfjd eye. As the agglutinin is readily absorbed by erythroc 3 rtM at low 
temperature, the serum should be separated from riie blood spwimen at a 
temperature above 20° C. A titre of 1 in 32 or 1 in 64 (in tenns of the final 
dilution of serum after addition of red cells) may be conrictered aigpiificant, but 
much hkher titres have been recorded. 

Ahi^ proportion of the cases of prinuuy atypical pneumonia ^85-90 ^ 
cent) that We positive cold igghitination reactions are associated with 
infection wifo Eaton’a agent {Myajplama komims, see p. 495). 


THE PAUL4KJNNELL REACTKIN 

During and after an attadt of infectious mononudeoris an . 
dieep led bfeod cdb as pteseot in the serum and is of iBagaostic significeix’'’' 
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The test is performed as follows. Heat the serum at 55"^ C. for 20 minutes. 
Midce a series of doubling dilutions of the serum widi saline in 0*5 ml* amounts 
in 3-iii. X J-in* tubes, ranging from 1 in 16 to 1 in 1024, as described <m 
p. 908 for agglutination tests. A control tube containing only saline is 
included. Add to each tube 0*5 ml. of a 1 per cent suspension of sheep red 
corpuscles in saline, washed as for the Wassermann test* Shake the tubes 
thoroughly and incubate at 37® C. for four hr. Note which tubes show 
agglutination of the red cells, and state the titre of the reaction in terms of 
the final dilution of the serum: Ist tube, 1 in 32; 2nd, 1 in 64; etc. Normal 
serum may agglutinate in low dilutions. A suggestive titre is 1 in 128. 
Repeated tests may reveal a rising titre. A significant titre is 1 in 256. 

If a second reading of results is made after the tubes have stood overnight 
at room temperature or in the refrigerator, they should be replaced at 37® C. 
for one or two hr. This avoids fallacious results from “cold agglutination’’ 
(p. 912) which is reversible at 37® C. and, so far as is known, is not associated 
with infective mononucleosis. 

It should be noted that the reaction is negative in tuberculosis, leukaemia 
and Hodgkin’s disease. 

In persons who have recently received an injection of a therapeutic serum 
(from the horse), an apparently similar heterophile antibody (Forssman’s 
antibody) may be present in considerable amount in the blood, since horse 
serum contains the appropriate heterophile antigen and stimulates the 
production of an antibody for sheep red cells. 

It has been pointed out by certain authors that the type of antibody 
present in infective mononucleosis differs in certain respects from tw 
Forssman antibody, and also from that found in normal serum, and that this 
difference can be determined by agglutinin-absorption tests as follows:— 


Antibody 

Treated with 
emulsion of 
guinea-pig kidney 

Treated with 
ox red cells 

Normal serum 

Absorbed 

Not absorbed 

After serum therapy 

Absorbed 

Absorbed 

Infective mononucleosis 

Not absorbed 

Absorbed 


It may be found, however, that the antibody present a^r ^py 
is not absorbed hy ox red cells and only partufly abrorbed by gui&ea«p g 
kidney tissue, i.e. more closely resembles the antibody m imrmal serum. 

"i^e following method, a modification of Barrett s (1941) technique, may 
be adopted for determining these absorption effecte. 


- 1*0 aiL is required. Heat the senitti in a water-bath 


Ree^mts 

1. PoHeta'sserum.- 
at 56® C. for 30 min. 

guinea-pigkidiM^ anti, after removt^ *ny JS* 

sciai>nr.'”w..h several times vntii saUne to remove all the Uoqd, end maw 

3m 
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the tissue into a fine pulp in a mortar. To the pulp add four times its volume 
of saline and boil in a water-bath for 1 hr. Allow to cool, and add sufficient 
5 per cent, phenol to give a final concentration of 0*5 per cent Make up to 
original volume with distilled water. 

4. 20 per cent, ox red cell suspension in saline, — ^Make a 20 per cent, sus- 
pennon of washed ox cells in saline and treat in exactly the same way as the 
20 per cent guinea-pig kidney emtilsion described above. 

{Note: Both these antigens keep well at 4^ C.) 

5. 2 per cent, suspension of she^ red cells, — ^Wash the sheep cells in saline 

and make a 2 per cent, suspension in saline. The cells should be more than 
one day and less than seven days old. / 

The Test 

Use 3-in. x f -in. test-tubes. 

In three separate test-tubes (a), (b) and (c) place: 

(a) 1*0 ml. saline. 

(i) 1*25 ml.^ of guinea-pig kidney emulsion. 

(c) 1*25 ml.i of ox cell suspension. 

To each tube add 0*25 ml. of heated serum. Allow to stand for one hr. at 
room temperature, and then centrifuge tubes (6) and (c). 

Set up a rack containing three rows of 10 tubes. Into the last 9 of each 
row put 0*25 ml. saline. Into the first 2 tubes of the front row place 0*25 ml. 
of the diluted serum (o). From the mixture in the second tube carry over 
0*25 ml. to the third tube, and continue doubling dilutions to the end of the 
row. Repeat this process using the supernatant fluid from (6) and (c) in the 
middle and back rows respectively. 

To every tube add 0*1 ml. of the 2 per cent, suspension of sheep cells and 
mix thoroughly by shaking. 

The finS serum dilutions are 1 in 7, 1 in 14, 1 in 28, 1 in 56, etc. 

The test is read, after the tubes have stood for 24 hr. at room temperature, 
by removing the tubes from the rack and attempting to re-suspend the cells 
by flic^ng 3ie tubes with the finger. The end-point is the highest dilution 
of serum in which the cells cannot be evenly sus^nded. The end-point can 
be made more clear-cut if the tubes are centrifuged for 2 min. before re- 
suspension of the cells is attempted. 

A preliminary report can be made after the test has been set up for an 
hour, if ffie tubes are centrifuged before making the reading, but a final 
report should be postponed until the following day. 

A typical report in a case of glandular fever would be : 

Heterophile agglutinin for she^p cells present in dilutions up to 1 in 448. 
The agglutinin is completely absorbed by ox cell suspension, but unaffected 
by guinea-pig kidney emul^n. Using ffie absorption technique, as detailed 
above, a titre of 1 in 28 in rows (a) and {b) is significant 


TESTS FOR RHEUMATOID ARTHRITIS SERUM FACTOR 

Sheep red h^od cells sensitised with a rabbit anti-sheep erythrocyte 
serum are agglutinated by the sera of 70-80 per cent* of patients with rheuma- 
toid artbrilM and positive reactions occur m some 2r-$ per cent of normal 

^ quantity of material mffiesc tubes is because ^25lld. of a 20 per 

aOEKUlsion or soiq^tnision contains only 1*0 nd. Of fluid. 
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subjects. It is known that the serum factor concerned is a macrogbbt^ 
which may represent an index of some inherited metabolic disturbance wbicfa 
predisposes the individual to rheumatoid arthritis (Kc^grcn & Ball, 1959), 
The factor behaves in many respects as an antibody to denatured y 
globulin (see Glynn, 1963) and this property is used to detect its presence 
in serum. Either sheep red cells coated with rabbit anti^heep cdl serum 
or latex particles coated with human y globulin are agglutinated by serum 
containing the factor. 

Rose-Wiuiler test or Differential sheep cell agglutination test (DAT), 
Ree^ents, — The sensitising serum is prepared by the method on p. 934. 
The neat rabbit-serum is stable in the frozen state for several months. In 
the test the serum is used at a dilution that just fails to agglutinate crydut)- 
cytes but which contains as high a haemolytic titre (see p. 934) as possible. 
Its haemagglutinating activity is determined by adding a 2 per cent, sus- 
pension of sheep red blood cells to two series of four doubling serum dilutions, 
one beginning at 1 in 50, and the other at 1 in 70. After incubation for 1 hr. 
at 37® C. a reading is taken. The end point is the first tube in which cellfl 
show no agglutination and in which the cells have settled into a completely 

negative button. i. , . , . 

Sensitised red ceUs are prepared by mixing equal volumes of the haemoi 3 jtic 
antiserum at its determined requisite dilution and a 2 per cent, susj^nsion 
of sheep cells. Sensitisation is rapid and the cells may be used within a 

few minutes. , . . ^ 

The The patient’s serum, previously inactivated for 30 mm. al 

56® C., is serially diluted in two-fold steps from 1 in 2 to 1 in 1024. Two 
sets of these dilutions are required; to one set is added an equal volume ol 
sensitised cells while the second set serves as a serum control and receives 
an equal volume of 1*0 per cent, unsensitised sheep cells. The tubes are 
incubated for one hour at 37® C. and then placed m the refrigerator until 
the cells have completely settled. The reading is according to the 
of sedimented cells and the end point is taken as the last tube to show definite 


haemaniutination. ^ „ 

Instead of the saline diluent some workers prefer to use 2-5 per cent sheep 
serum in saline. Tins has the effect of increasing the sendtivity of toe tot 
without loss of spedBcity. The titre of positive sera is mcr^d 
method from two- to eight-fold but the tot is rather more difficult |p read 

and end points are not so clear cut 

Serum titres of 16 or more arc taken as positive and are found in rheur^ 

toid arthritis in 70-80 per cent of cases, and also msoine toes of disseminated 

lupus erythromatosis. sderoderma, and erythema muluforme. 


UGOLUnNATION TESTS USED FOR THE SEROLOCaCAL 
IDENTDICATION OF C3ERTAIN ORGANISMS BT MEANS OF 
SraOFIC ANTISERA 


dautiona. In genera, for identi&ation of an imfc^ oigan^ 

agglutinate in ^^^anstdly as high a serum^itoon as a known hom^ 
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0 antigens, fermolised and alcoholised suspensions respectivdy are tested 
with H and 0 agglutinating antisera {vide It should be noted that in 

the Salmmetta group the H antigen may occur in two phases, one of which 
may have non-specific characters. The serological identification of these 
organisms is considered more fully on p. 233 et seq. 

Special applications of the agglutination technique, e.g. in the identifica- 
tion of serological types, are referred to in later chapters. 


SLIDE AGGLUTINATION 

This method is useful where only small quantities <|f culture are av^ble, 
as in the identification of the whooping-cough bacUIus, or where agglutination 
is carried out with undiluted serum, in typing phcumococci or typing 
streptococci by Griffith’s method, and it is necessary to use as small a quantity 
as possible. The method may be applied likewise for identifpng organisms 
of the Salmonella and dysentery groups. Slide agglutinljtion is only practic- 
able when the clumping of organisms occurs witl^ a imnute or so; it is not 
suitable where the mixture of organisms and serum has to be incubated. 

The procedure can be carried out qmte readily on an ordinary slide, but 
where a number of agglutination tests have to be made it is more convenient 
to use a piece of ^in. polished plate glass about 6 in. x 2 in. A long hori- 
zontal line is ruled with a grease pendl through the middle of the glass from 
end^^to end and then a number of lines are ruled at ^in. intervals at right 
angles to this line, thereby dividing the glass into a scries of divisions. 

A drop of saline is placed in one of the divisions and a small amount of 
culture from a solid medium emulsified in it by means of an inoculating loop. 
It is then examined through a hand-lens {i or 10 x), or the low-power 
microscope, to ascertain that the suspension is even and that the bacteria are 
well separated and not in visible clumps. With a small loop, 1 mm. diameter, 
made from thin platinum wire take up a drop of the serum and place it on the 
slide just beside the bacterial suspension. Mix the serum and bacterial 
suspension and examine with the hand lens, or place on the stage of the 
microscope. Agglutination when it occurs is rapid and the clumps can be 
seen with the nsSted eye, but the use of some^form of magnification is an 
advamage. For control purposes, two drops of saline can be placed in 
adjac^^ divisions and bacteiM culture emulsified in both, one only being 
mixed witii the serum. With streptococci a broth culture is used, and methods 
for obtaining suitable suspensions for the a^lutination test are described on 
p. 159. Two dropsof suspension are placed on the slide and a small loopful sf 
the serum mixed with one of thd!Sl and examined as described above. 

While the slide agglutination test is rapid and convenient, its limitations 
must be realised. In order to obtain nq>id agglutination the senm is used 
undduted or in low dilutions. In consequence, it may contain norms! 
agglutinins which give non-specific agglutination with org^misms other than 
that against which the serum was prepared^ Thus, with regard to me 
Salmonetta group particularly, slide agglutination with its high concentration 
of ag^utinins may show low-titre reactions with organisms outside the group, 
e.g. paracolon, badlli, which may also have somewhat similar Hoch^cal 
reactsons. It is important therefore to confirm the slide test by qimtitatij^ 
tests in tubes, particularly wh^ any doubt arises or where pre^ reiui» 
from agglutinatum tests are dmxedL ^ — 
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PREPARATION OF AGGLUTINATING ANTISERA 


The instructions given here apply particularly to organisins of the «Sd^ 
monella and dysentery groups. 

Rabbits are used for immunisation, and large healthy animals should be 
selected, not under 2000 g. in weight. 

The purity and identity of the culture used should be carefully ascertained 
beforehand, and in view of variability in antigenic composition the culture 
selected should be such that it repi'^nts the motile ^‘smooth*’ form and the 
specific phase of the particular species (pp. 115, 235). 

The rabbits are injected intravenously (p, 1008) at intervals of five to seven 
days widi a suspension in saline of a 24 hr. slope culture killed by exposure 
for one hour at 60° C. The following series of doses may be given: 1 : 20, 
1 : 10, 1 : 5, 1 : 3 and 1 : 2 culture. These doses are easily measured by 
emulsifying a slope culture in a given volume of saline and then injecting 
the appropriate fraction. 

In the case of organisms of high toxicity, e.g. Sh, shigae^ it is necessary to 
start with even lower doses, e.g. 1 : 100 of a culture. 

Other methods for standardising dosage may be used, e.g. where the doses 
are stated in terms of the number of organisms, as in the administration of 
vaccines, but the system indicated above is simple and sufficiently accurate for 


ordinary purposes. 

With certain organisms, e.g. Salmonella group, higher titres may be 
obtained if living organisms are injected. To commence with, veiy small 
amounts, e.g. 0*01 ml., of a young living broth culture should be injected 
intravenously. As the animal becomes immune larger doses may be given 
until several ml. of the living culture can be tolerated. 

When separate H and O agglutinating antisera are required for motile 
bacteria, immunisation is best carried out with selected strains known to be 
suitable for the purpose. For the production of the 0 agglutimn an alcohol- 
ised culture (p. 910) may be used as the antigen. A non-motile variant also 
serves well as a pure O antigen. In making tests with H and O antisera, 
formolised suspenrions respectively are used. 

Seven to ten days after the last injection a specimen of blood is withdrawn 
from an car vein (p. 1008) and the serum is tested for its a^lutimtiM power 
towards the strain used for immunisation. A series of dilutions is a^ 
if agglutination occurs in a 1 in 1600 or higher dilution, ^ the anin^ is Wed 
from the neck vessels or by cardiac puncture (p. 1009), the blood is allow^ 
to coagulate in a sterile stoppered or screw-capped bott^, placed overnight 
in the refrigerator, and the serum is then separated. 0*1 ml. of a 5 per 
solution of phenol in physiological salt solution is added for each of the 
serum-^equivalent to 0*5 per cent pure phenol. This prev^ts ba^m 
growth resulting from any accidental contamination. (Glycerol may also^ 
used as a preservative, an equal volume being added to Ac serum, or Ou 
per cent o-chloro-m-cresol) The serum may be sWred m 
stoppered or screw-esmped bkdes, or rapoute 
It may be kept in sterSe glaw tubes (5-7 bore), about ^ 

drawn out at both ends to capillary dinusnsions; the tubes are filled by sucti^ 

applying the mouth-piece used in pipettiM (P- ^)» 

® the lunaen flame. TTie aerum ahouU be kept m the lefiigentw- (aWHit 


‘ Mon pQwetftd agghithiatiBg mayi ooune, be obtained; 1 is MOO is 
sttwi i wi aii itee toat ehsttld b» aiined at 
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4® C.) and wiU retain its potency for long periods fthree years). The tem- 
perature should not be allowed to lUl below 0^ C. it phenol is used as a pre- 
servative, as the solidification of the sefum by freezing may be deleterious 
owing to the separation out of the phenol in the pure state. If a refrigerator 
at —30^ C. is available, antisera frozen solid can be preserved over a long 
period. In thb case no preservative is added to the serum. 

Antisera can be preserved in the dry state by freeze drying (p. 806). The 
potency of antisera is retained over a considerably longer period when freeze- 
dried than whep stored in fluid form. / 


AGGLirpNIN-ABSORPnON l^TS 

Agglutinin^ like other antibodies, combine firmly With their homologous 
antigens,* and by treating an agglutinating antiserum! with the homologous 
bacteria and then separating the organisms by centrimging, it is found that 
the agglutinin has been ^‘absorbed” or removed by \ the organisms from 
the serum. 

In dbrtain cases, to prove the serological identity of an utiknown strain 
with a' particular species, it may be necessary to show not only that it is 
agglutinated by a specific antiserum to approximately its titre but also that 
it can absorb from the a^ni the agglutinins for the known organism. This 
becomes necessary owin^ to the fact that, on immunising an animal with a 
particular bacterium, ‘*group antibodies” for alKed organisms are developed, 
and in some cases these may act in relatively high tifre. “Absorption” with 
a heterologous strain would remove only the group agglutinins without affect- 
ing the specific agglutinin. These effects arf exemplified in the Salmonella 
and Brucella groups. The general method of carrymg out such absorption 
tests is to mix a dense suspension of the organism — e.g, 24 hours^ growth on 
a 4*in. plate of nutrient agar, suspended in 1 mi. saline and killed at 60^ C. 
(30 min.) — with an equal volume of a suitable dilution of the serum, e,g. 64 
times the concentration of the known titre. (The bacterial growth must have 
been thoroughly washed with normal salt solution, f.e. by mixing with several 
volumes of saline, centrifuging and repeating the process 2-3 times). Thus, 
if the titre is 1 in 1600, the dilution used would be 1 in 25. The mixture is 
ineuWted for three to four hr. at 37^ C. and the serum is then separated from 
the ba 4 ^ria in a high-speed centrifuge. (In some cases for complete absorp-^ 
tion the process may require to be nepeated with a similar fresh quantity of 
bacteria.) The dilution of the serum would now be approximately double 
the^original dUutiaiS — ^in the exsunple taken {vide supra) 1 in 50. From the 
treated serum a series of doublii^ dilutions is prepared as in direct a^lutina- 
tion tests, so that, when an tqim volume of bacterial suspension is added, 
the series will reach to the known titre of the serum. In the example taken 
aWve, ^ following series of dilutions would be tested; 

linSO 1 in 100 lin200 1 ii^400 1 in 800, 
and after the addition of bacterial suspension these would become 
linlOO Im200 lm400 linSOO linl600 

A control tube is also induded, contpning suspension Imt no serum, and the 
general technique is that employed in dir^ agglutinstion tests* 

Tba, tbe lidbodtj vt waAikcaalq q{ m vskwm ootaf* iS) ^ * 

known (A) be inveaidgMttd by (^yutiakHld b 0O t p tlm 
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L Absori^i asabovei antisenimto j4mthaden8e8asiM»]mRofo]*gs!US^ 
jf as JT-absorbcd serum* t 

2« Test the agglutinating poworlof X-absorbed serum for A and X 
(A control test would show that the^ntiserum to A after abshrption with 
A agglutinates neither organism.) 


Results ^ 

(a) The absorbed serum agglut^tes neither A not X. This indicates 
that the organisms are identical, be&use X has absorbed agglutinins for A\ 
to establish this conclusion completely an antiserum to X after absorption 
with A should agglutinate neither organism. 

(b) The absorbed serum fails to agglutinate X, but still agglutinates A. 
This shows that the organisms are not identical# because X has not absorbe^ 
the agglutinins for A^ &ough it has removed the heterologous agglutinins* 


COATED-PARTiaJE: AGGLUTINATION REACTIONS 


The inert particles of polystyrene latex, collodion and bentonite, and red 
cells both treated with tannic acid and untreated, can be coated with a 
variety of protein antigens and also in the case of untreated red cells, with 
polysaccharide antigens. They can then be used for the detection of antibody 
as shown by the agglutination of the coated particlei|^ The haemagglutination 
tests arc the most sensitive and can detect as littfi^ as 0*003 fig of smtibody 
measured as antibody nitro^n, which is about 10 times more sensitive than 
the most sensitive gel mffiision techniques (see p. 946). 

The value of these tests has increased considerably with the development 
of techniques for storing antigen-coated red cell preparations. A large batch 
of cells can be coated with antigen and a standardised preparation is then 
available for use for some months afterwards. Of the vjuious metho^ 
available probably the most useful is that described by Csizmas (1960) in 
which the cells arc formalinised by placing a dialysis bag of formalin into a 
beaker of carefully washed cells. After recovery from the formdm, the cells 
can be stored in the refrigerator and after tanning and coating with the 
antigen, they may be stored at -20®C. These techniques have the advaat^ 
that in common with other agglutination reactions they can be used as anti** 
body titration methods. A large variety of antigens can be adsorbed on to 
cells or particles, and even two different antigens have been applied to ^ 
same red cells (Lecoq & Lintz, 1962) w latex pa^des (Sin^r et aL, 

The methods are simple to use and once a particular test is standarq^d 
reproducible results can be obtained. 


Tanned Red CeU Agglntiiuitioii Tests 

The Buifiu»8 of red blood cells are altered and the cells 

wh>ii<ui>ie by ««•<»»< 


antibody. The method hot described emplo:^ thyroriob^ b^ tlur 
be replaced by any one of a large number of antiget^ 

tion of the amdimtion of the test to the detection of riiyro^obuhtt attto- 
antibodiea aee Fuhhorpe et al., 1961.) 


Si "/ ^ 
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e.g. pH 7*2 for tiie diyroglobiilm antibody teat. One volume of tiiia bu£^ 
is added to 9 volumes of 0*85 per cent Nad. 

(2) Tannic add sdution, 1 : 20,000 made up fresh b^re use (12*5 mg. 
of analytical grade tannic add^ dissolved in 250 ml of the buffer). 

(3) Deiibrinated sheep blood not more than 1-2 days old. 

(4) Antigen at a concentration of 2 mg./ml. in the buffered saline e.g. 
human thryrogbbulin prepared by the method of Derrien, Michel and Roche 
(1948). 

(5) 0*85 per cent Nad. 

(6) Rabbit or horse serum which has been inactivated for 30 min. at 
56° C. and absorbed for 10 min. at room temperature with washed sheep red 
blood cells (approx. 0*1 mL of padted celk to 10 ml. of serum). 

Method* ' \ 

(1) Wash about 20 ml. of the sheep blood there times (twice with 0*85 
per cent. Nad and once with the phosphate buffered sri^e) in a one/ounce 
universal container. Centrifuge finally at 750 G.* for 1^ min. to pack the 
cells. 

(2) Pipette 0*6 ml. of the packed cells into each of two universal con- 
tainers and add 10 ml. of buffered saline to each bottle to resuspend the cells. 

(3) Add 10 ml. of the 1 : 20,000 tannic add solution to each container, 
shake and incubate for 15 min. at 37° C. 

(4) Centrifuge the bottles at 750 g. for 5 min. and discard the supernatant, 
resuspend cells in each container in 20 ml. of buffer, centrifuge for a similar 
period and discard the supernatant. 

(5) Lay one container of cells adde; this will be used as the source of 
unooated cells for absorbing the heterophile a^lutinins in the sera to be 
tested, and for various controls. 

(6) Resuspend the cells in the other container in 10 ml. of buffer and 
then add 10 ml. of buffer containing the antigen to be coated on to the cells. 
Incubate for 30 min. at 37° C. shalung occasionally. 

(7) Centrifuge the coated cells for 5 min. at 750 g. and remove the 
supernatant 

(8) Wash these cells and the cells set aside (5) three times with the 
buffered saline made up to contain 1 per cent normal rabbit or horse serum 
(previously inactivated and absorbed), centrifuge for 5 min. at 750 g. on each 
occasion and discard the supernatant. (Make sure each bottie is correctly 
labeUedA 

(9) Finally make up both batches of cells, i.e. the coated and the uncoated, 

to w mL witii the buffer to which has been added the 1 per cent, serum 
as in (8). — 

The Test 

(1) Inactivate the test sera for 30 min. at 56° C. (not necessary for 
fonnwnised cells xnde p^a.). 

(2) .^d 0*1 mL of inactivated serum to 0(9 ml. of tiie uncoated cell 
prqiaration, leave on bench for 15 min. and centrifuge for 5 miiL at 750 g- 
to recover the aerum-^hidt is now diluted 1/10. 

* Obtaiiwibte from Meik Biodieinieal Carp., U.SA. or Hopkins and 
Freshwater Road, Chadwell Heatii, Esses. 

* As nwdifi^ by W. J. Herbert, 1965, personal ocnmumicstion. ”*** 

* '“P*** b» •« MSE Minor bench csntrifilge-^ee OOBvewion 



FORMALXNISED REP CELLS 921 

(3) Make 8 or more doubling or trebling dilutiona of the aeruni in 
buffered saline in 0-1 ml. volumes using a WHO plate. Add 0*1 of 
the 1 per cent, coated cells to each well and to a control well contaixiing 0*1 
ml. of buffer only. Set up controls using uncoated ceUs with and wi&out 
serum. 

Read first for agglutination after 2 hr. on the bendi (20® C.) and after 
leavit^ overnight at 4® C. The end point is taken as the last cup showing 
a smooth mat of agglutinated cells wiA a crenated rim. Doubtful results 
appear as a smaller circle of cells having a dark outer rim and a negative 
result shows as a closely packed button of cells. The controls should dways 
be negative. 


udinisation of red cells (prior to tanning and coating) 

Mammalian or avian red blood cells can conveniently be preserved by 
the method of Csizmas (1960). The treated cells are morphologically iden^ 
tical to normal red cells and withstand treatment with water or freezing and 
thawing. They may even be freeze dried without damage. They retain 
most of the surface properties of fresh red cells and can be tanned and coated 
with antigens or agglutinated by viruses. 

Method 

(1) Fresh (sheep) blood is washed five times with 0*85 percent, saline and 
the cells packed after the final wash (for 15 min. at 750 g.). (It is important to 
avoid any lysis). 

(2) 25 ml. of packed cells are resuspended to 200 ml. in phosphate 
buffered saline pH 7*2 and placed in a 500 ml. conical flask. 

(3) 50 ml. of formalin (40 per cent formaldehyde) is introduced into a 
len^h of dialysis tubing and tied off so that the tubing is only | fuU, but 
air is excluded, i.e. the Imot is tied in the tubing which has not been distended 
with air one third of the total length of the tubing above the top of the 
formalin. 

(4) The filled dialysis tube is submerged in the cell suspension in the 
conical flask, stoppered, and the whole gently agitated for 3-^ hr. at room 
temperature (20® C.) . Gross foanung should be avoided (a Matburn blood 
cell suspension mixer with a wire mesh glassware crate attached is a suitable 
arrangement). 

(5) After Z-A hr. the swollen dialysis sac is punctured, the fbrftialin 
allowed to mix directly with the cells and the empty sac removed. Gende 
mixing is continued overnight. 

(6) At the end of this period the dark brown cell suspension is car^uHy 
decanted from the flask into centrifuge bottles, leaving me surface scum of 
froth and damaged cells behind (the cells m^ be filtered through gauze to 
achieve this). The cells are then washed 5 times with 0*9 per cent saHne to 
remove the formi^ (for 10 min. at 750 g.). Gentle stirring of the dc^posit 
^th a gim rod helps to ensure adequate resuspension at each wash. 

(7) The edb are finally xpade up to a 25 or a 50 per cent, suapenstoxi in 
0*85 per cent. ssUne and stored at 4® C. or at —20® C. to be mam up to a 
1 per cent auspension before use. 

The supernatant from the first wash after fbnnalinisation is normally 

^erydarit 

Ffatitim Test for Rmrtiir 

f tl»e ine^ Stater «i«i 
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(1) Polystyrene latex uniform sized particles 0*81 fi in diameter (Difco 
Bacto-latex),^ Add 20 ml. of distilled water to 2 ml. of the latex suspension 
and filter mrough Whatman 40 filter paper (the suspension will keep for 
months at 4® C.). 

Borate buffer pH 8*2 (see page 853). 

^ , Stock gamma-globulin 8olution-4)*5 per cent, in borate buffer. 
To 0*1 g. of lyophylised human fraction II gamma globulin^ add borate 
buffer in small increments, mixing well until 20 ml. have been added and 
the gamma globulin completely (halved. This preparation will keep for 
several weeks at 4® C. 

The Test. (Bywaters & Scott, 1960) 

(1) Add 1 ml. of the borate buffer to a series of 3 k ^ tubes, include one 
tube for each test serum azKi one for a positive cont: ol and another for a 
control with buffer only. 

(2) Inactivate the sera for 30 min. at 56® C. and ad 0*05 ml. of serum 
to each tube (t.e. a dilution of 1/20 of the serum). 

(3) To each serum dilution and to the controls add 1 ml. of a mixture 
containing 1 per cent stock latex and 5 per cent, stock gamma globulin in 
borate buffer (for 10 ml. add 0*1 ml. of stock latex and 0*5 ml. of stock 
gamma-globulin to 9*5 ml. of buffer). 

(4) Shake the tubes carefully and incubate in a 56® C. water bath for 2 hr. 

(5) Prior to reading the tests centrifuge for 3 min. at 1000 g. 

Readings 

Opaque suspension, no deposit, *-ve. 

Opaque suspension, minimal deposit, ± doubtful 

Partially cleared suspension, granular deposit, + 

Clear or almost clear supernatant, granular deposit, -f -f 

A reading of -f or -f + is regarded as positive, ± is of doubtful sigm- 
ficance. 


FLOCCULATION TESTS FOR SYPHILIS 

The direct mixture of syphilitic sera with antigens of the type used in the 
Wassermann reaction results in the appearance of a flocculent deposit which 
is easily seen wi^ the hand lens and which may also be visible to the naked 
eye. Such reactions, however, may occur in non-syphilitic infections (e.g 
tuberculosis, leprosy, malaria, hepatitis, infectious mononucleosis, etc.) and 
the tests are therefore sensitive to many different types of infection. It i& 
however, posnible to reduce the sensitivity of the reaction by adjusting the 
conditions under which they test is performed and to render the test almost 
specific for syphilis; many flocculation reactions give results that are closely 
parallel to those of the complement-fixation technique. The value of 
flocculation tests lies in the simplidity of the technique employed and the 
fiict that they can be carried out in places where complment and the reagents 
of ^e haemidytic system of the Wawiennann test are not available. Ideally 
the tests are used as a first screenii^ investigation and any positive sera^^ 
then subjected to die full Wassermann test, Man^ varieties of the floccula- 
tion reaction are described and the Meinicke, Hmton, Mazzini and 
tests ate an in common use together with the test employing the cardioUp^d 

^ Baird $s TModk L td r, LcmdcMu ^ ^ 

* Nutritional Btocheniical Corporatiim, U.S.A., obtainable throud^ L. Ltght^^Cx) » 
Odithrook, BudEs, or Kodak Ltd., tOrldbry, LivefpoOl. 
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antigen devia^ by ^ Venereal Disease Research Laboratory. This totter 
test has been m use in the Bacteriology Department of Edinburgh University 
and can be recommended as a simple and reliable technique* 

THE VDRL FLOCCULATION TEST 

A rapid screening test which is simple to perform is of great value in 
dealing with large numbers of sera* The following method is that described 
in the Bulletin of WHO (1951) and is very satisfactory. The following 
reagents are required. 

Antuten, This has the following composition: 

Cardiolipin 0-03 per cent 

Lecithin 0*24 per cent. 

Cholesterol 0*9 per cent. 

It may be purchased from Messrs. Burroughs Wellcome & Co., London. 

(2) DUuenU Buffered saline prepared as follows: 


Formaldehyde, neutral reagent grade 0*5 ml. 

Na^HPO^, 12H,0 . 0-093 g 

KHjPO* . . . , 0-170 g 

NaCl 10-0 g. 

jqqq 


This solution has a pH of 6-0 ±0-1. 

f3) Unbuffered Saline. 1-0 per cent, sodium chloride. 

(4) Serum under test. Prepared and inactivated as for the Wassermann 
test. 

(5) Antigen Emulsion. In a stoppered bottle place 0-4 ml. of the buffered 
saline and add to it drop by drop from a pipette 0-5 ml. of antigen. Ensure 
that the antigen is add^ during a period of approximately 6 sec. and that 
the bottle is continuously rotated during this time. After the addition, the 
bottle is rotated vigorously for a further 10 sec. Now add 3*6 ml. of 1-0 pel 
cent, unbuffered saline. Mix well and allow to stand for 5 min., but not 
longer than 2 hr., before use. 

The Qualitative Serum Test 

Use 3 X I in. tubes. Transfer 0-5 ml. inactivated scrum to a tube and add 
to it 0-5 ml* diluted antigen. Place in a rack in the Kahn shaker and shak< 
for 5 min* The tubes are now spun at about 2000 r.p.m. for 10^ min« 
in a straight«headed centrifuge. After this the tubes are shaken again foi 
exactly one minute and the test is read at once. Visible aggregation in a deal 
or very faintly turbid medium are read as posirive. A slightly turbid appear* 
ance with a ^^silken swirP* on gentle shaking is the typied negative appearanoe^ 
All borderline reactions should be reported as negative. The test can to 
used quantitatively with serial doubling dilutions of the patient’s serum, 
ranging horn 1 in 2 to 1 in 64. The weakest dilution giving a positivi 
reaction is reported as the titre of the serum. 

THE KAHN FLOCCULATION TEST 

•^Ppuratm 

(1) Small test-tubes. in., as used in ibe Vfmmsmm test; tbM 
tubes should be of nerfectiv dear glass and thoroughly dean. 
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(2) Flat-bottom glass cy^linders, in., for the preparation of the 
diluted antigen. ^ 

1-ml. and 0*1 ml. graduated pipettes as us^ in the Wassermann test 

(4) Special pipettes: one graduated from the tip to deliver 0'0125, 0*025 
and 0*05 ml. respectively; the other with one graduation to deliver 0*15 ml. 

(5) Suitable racks for the tubes. 


i l) Patient’s serum — at least 0*5 ml. required. 

2) Antigen^ — ‘^Bacto” Kahn standard antigen which can be obtained 
commercially^ is also recommended as being satisfa^ry in stability and 
sensitivity. Alternatively, it can be made from “B ' Beef Heart.® 
f3) 0*85 per cent, sodium chloride in distilled v 
(4) Control sera — at least four should be include 
these should be selected according to previous results 
+ , + 4- + {vide infra)* All sera tested are h 

min. before testing. For full details of the test and 
antigen see Kahn (1928). 


in any set of tests; 
follows: Negative, 
at 55® C. for 30 
preparation of the 


Dilutum of antigen 

The antigen is diluted with saline in the proportions prescribed for the 
preparation — usually 1 : 1*1. 

(H Ascertain the total volume of diluted antigen required for the set of 
tests by multiplying the number of sera by 0*0875 ml. (thp volume of diluted 
antigen required for one serum) and addmg to this figure 0*3 ml. for loss m 
pipetting, etc. No more than is sufficient for 40 tests should be made up 
at one time. 

(2) Pipette separately into each of two small cylinders (referred to above) 
the volumes of normal saline and undiluted antigen required to yield in the 
prescribed proportions the total bulk of diluted antigen. 

(3) Add the saline from one cylinder rapidly to the antigen in the other 
and mix by pouring from one cylinder to the other five or six times. 

The diluted antigen should be used for the test not less than 10 min. and 
not more than 30 min. after mixture. 

The test for each serum is set up as follows: 

Tube .... 1 2 3 

Add diluted antigen . . 0*05 ml. 0*025 ml. 0*0125 ml. 

Add serum .... 0*15 ml. 0*15 ml 0*15 ml. 

The tubes are shaken by hancLor preferably in a special shaking machine 
at 270 osciUations a minute for 3 min. (After shaking, incubation in a water- 
bath at 37^ C. for 15 min. or incubator at 37® C. for 20 min. is advantageous.) 

Then add saline 1*0 ml. 0*5 ml. 0*5 ml. 

Readings are now made. 

The following an^en control is included in each set of tests: 

Tube . ' . 1 2 

Add Mluted antigen , 0*05 ml. 0*025 ml. 0*0125 ml. 

Add sdKne « 0*15 ml* 0*15 ml* 0*15 ml# 

^ Obtainable ftom Medics! Research Council Venereal Diseases RefSfShce Lshora- 
tdry, AsKbeld Stteet, Whltech^d, London, E.!. 

* ObtaansMe £ma Baird Tadodk Ltd.^ London. 
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Shake tubes as above. 

Incubate as above. 

Then add 1-0 ml. 0*5 ml. 0*5 ml. 

Note . — Instead of ming a calibrated volumetric pipette for the antigen 
dilution, a dropping pipette, external diameter at the tip equivalent to a 
No. 55 Mope gauge hole of a Starrett plate, may be substituted. One ^p 
from this pipette equals 0*0125 ml., two drops equal 0*025 ml., and four drops 
equal 0*05 ml. For patient’s serum a pipette with external diameter of 2*8 
mm. will deliver 0*15 ml. of serum in three drops at the rate of one drop per 
sec. (Kh^at, 1952). 

Reading of resets. — ^The tubes should be held in a sloped position and 
the fluid viewed (if necessary with an 8x hand-lens) in a strong light against 
a dark background or the concave surface of a microscope mirror. 

The following results may be observed in individual tubes : 

- = the fluid remaining uniformly opaelscent. 

-h = minute floccules just visible to the naked eye throughout the fluid. 

+ -f + + — large floccules sedimenting completely in the tube. 

4- 4* and +4.4-= intermediate degrees of flocculation. 

The interpretation of results is illustrated as follows: 



Diagnostic 

interpretation 

Strongly positive 
Strongly positive 
Positive 

Weakly positive 

Doubttul 

Negative 


THE KAHN VERfflCATION TEST 

This test was introduced by Kahn (1940, 1941) with the object of ascer* 
taining whether weak or doubtful reactions obtained by his standa^ fioccula^ 
tion test are non-specific or definitely significant of syphihtic infection. From 
studies of *Talse positive*’ reactions he concluded that a positive repitt may 
in some cases be related to biological changes apart from syphilic infection 
hut that non-specific reaction can often differentiated from the true 
syphilis reaction by the occurrence of a stronger effect at 2® C. than at 37^ C* 
or the absence of flocculation at the higher temperature. He has caU^ this 
the '^general biologic type” of reaction and regards it as non**sypbilic, the 
reaction in the syphilitic case being usually stronger at 37^* C. than at lower 
temperatures. ^ -a. 

In carrying out such comparative tmts at different temperatures me 
reagents before must be adjusted to the paiticuto 

Thus, for the test at 37" C, pipettes, tulw and racks w p^ m 1 37^ 
^ater-batii for fifteen minutes before 

^ diluted attriyn. fer um and saline ate similarly st 37 Cp bdpte Ipe 
®^^^ctuies ace made, forther, at all stages <rf the test tiie requued tew^^scat^te 
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is Eoaintained as far as possible. In carrying out the test at the low tempera- 
ture, an ice>water bath can be used in the same way as the 37° C. water-bath, 
the working temperature being about 2° C. Otherwise the test is performed 
as in the standard procedure (p. 923). 

The various types of comparative results are illustrated in the following 
Table: 


A 

At room 


Classification 

At 37** C 

tempera- 

At 2* C. 

of 


tore. 


result 

+ + + +or+ + + 

+ + 

+ + 

+ or — 1 

|S3^hilitic 

+ or — 

+ + 

4- + 4- + or 4* 444- 

General 

— 

— 


/ Biologic 

4° + 

4- + 

+ + \ 

1 

— 

4- 

\ 

y Inconclusive 

+ + 

— 


J 

- 

1 

— 

Negative 


It may be noted that the application of this “verification” test has shown 
that the sensitivity of dw syphilitic reaction is increased at 37° C. as compared 
with room temperature, i.e. the temperature of the standard test 

The comparative test at 37° C. and 2° C. is of value when the usual Kahn 
reaction is weak or doubtful or when there is some discrepancy between the 
serological result and the clinical findings. It is of similar value when other 
syphilis serum tests also give a weak or doubtful result Of course, it must 
be recognised that m a proportion of such cases even the “verification” test 
is inconclusive. 


COMPLEMENT FIXATION METHODS 

Complement fixation techniques are among the most frequently used 
serologit^ methods and can be employed with either soluble or particulate 
antigens for the detection either of ant^n or of antibody. Fig. 73 jfitt 
nhnp ter 8 for a description of the general mechanism). The great senntivity 
of the complement fixation test is useful for the detection of antibodies to 
soluble ant^^ens where visible precipitates usually only form mth quwtitks 
of over 1 /ig of antibody nitrogen; As litde as 0*08 of antibody niM^ 
has been detected by means of complement fixation. The quantitative 
complement fixation methodi|pf Mayer et al. (1948) has been wid^ used for 
the quantitative determination of antigens and to study their physical and 
chewiirail character. Studies of this type employed photometric methods for 
the measurement of haemoljm ana have takm into account the role of 
gfllrium and magnesium iom in the reaction. It was pointed out by Wallace, 
Osier and Mayer (1950) that the complement fixing titre of antiserum is not 
strictly a refi^on of the antibody content of cm serum since different 
sampka of rabbit antisera to b(»pe serum albumin containii^ tito same 
amount (ff antibody nitrogen may^vaiy in their ctptdty to fix ooranlemtot 
Condation wi^ tito immunisation schedules dtowed tto tbesoimiM whim 
had reoeiv^ two courses of immunisation fitted mote c omp lemmtt ptf 
of mitibody than less highly unmuniaed animals. Thua,the co m fJement 
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fixing titre of an antiserum is a reflection of both the quantity and quality 
of an antibody. 

One of the important problems associated with complement fixadon tests 
is that of the anti-complementary activity of the serum. Anticomplementary 
effects may result from the aggregation of gamma-elobuHns such as takes 
place on heating or other forms of denaturation 0r vmen abnormal or raised 
gamma dobuUns are present as in myelomatosis and syptemic lupus erythema- 
tosus. The anti-complementary activity that may develop in normd serum 
kept at room temperature for a few days* presents no problem as it can be 
eliminated easily by heating at 56® C. for 30 minutes. Unfortunately otha: 
anticomplementary activities of antisera and antigens are not sufficiently 
understood to enable the serologist to overcome them regularly. It iSy 
however, very important to take into account these anticomplementary 
effects when carrying out the determination of the amount of complement 
for use in any particular test. 

DIAGRAM ILLUSTRATING THE POSSIBLE RESULTS 
OF A COMPLEMENT FIXATION TEST 


kn»iiiTiieo''sMEEi» RBC* POSITIVE NEGATIVE 
ADDED (coated WITH TEST TEST 

ANTI- SHEEP CELL SERUM } 


tst STEP 

— ■» 

IHCUEATION 
AT 37* C 





•r 




2i>S STEP^ 

INCUIATION 
AT $T C 


NO 

- MAEMOLVSI S 
* • NORMAL 

-.V R.e.' 





TEST SERUM 
COMPLEMENT 
ANTtSEN 


IF TEST SERUM CONTAINS 
SPECIFIC ANTItOOY FOR 
ANTIGEN COMPLEMENT 
WILL BE USED UP DURING 
I ft STEP AND WILL NOT 
BE AVAILABLE TO LYSE 
SENSITIEED RBCS' IN 
tM STEP 

Fio.73 


IF TEST SERUM CONTAINS 
NO SPECIFIC ANTIBODY 
FOR ANTIGEN COMPLEMENT 
WILL NOT BE USED UP IN 
tit STEP AND WILL STILL 
BE AVAILABLE TO LYSE 
SCNSITIEED RBCS^ IN 
EnE STEP 


Tlu crntbabuOing emplment adsorptm Atep wdfe^ 

coated with anti-sheep cell antibody are mixed with fi^h how serum, the 
horse complement is bound to the antibody coated c»lls but will wt me 
cells as horse complement is non lytic. If these cells are cxpwd to hoinw 
serum they ,»ill be^ ^lutineted due to d» prewmce of » 
known «s eoi^hamm. Should d»e ho^ complement 

Coomb*, and IW)- < 
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WASSERMANN SYPHILIS REACTION 

This reaction deji^nda on the ‘‘fixation” of complement by a suspension 
of a phosphatide lipoid (similar to lecithin and extracted from certain normal 
animal tissues) along with the heated serum of a person infected with syphilis, 
and constitutes an important diagnostic test 

F or complement*fixation tests, an indicator of the presence of complement 
is required. The “haemolytic system” used in these tests serves this purpose 
(p. 933). It insists of the red corpuscles of a particular animal species 
“sensitised” with the corresponding haemolytic antibody, the red cells 
of the ox or sheep plus the serum of a rabbit that has been immunised with 
the red cells of the species used. The immune body the serum is thermo- 
stable. The serum is heated at 56® C. to annul natural complement, 
and stored in bottles or tubes or preserved in the dry ate {vide it^a). The 
heated serum is non-haemolytic by itself, but in the presence of a suitable 
complement brings about lysis of the homologous red »rpuscles. Fixation of 
complement is denoted by the absence of lysis in the hitemolytic system. 

In its simplest form the Wassermann reaction c^ be represented as 
follows: 


"Aema£N " Srm/imc ^ srtrmm 

(lipoid suspension) Hrrfc/Bj 


* Previously heated at 56® C. Meeewerwm. 








4- coMPteMeetr 


eMMMOiyTyc 
srsrM 


£esuir- MAemuvsfS 


Fig. 74 


It should be noted that the Wassermann test must be carried out on a 
quantitative basis. Not only must it indicate whether the reaction is positive, 
but the various degrees of the reaction have also to be determined, from a 
strong positive (4* 4 4 ) to a weak positive (4) or a doubtful positive ( ± ). 
Quantitative testing is most important in assessing the value of treatment 
or the completeness of cure. 

The technical application of the reaction demands a very accurate stand- 
ardisation of each reagent. Further, the amount of complement used in 
relation to the quantities of antigen and serum must be adjusted with such 
delicacy that the weakest reactions can be accepted as significant. 

I^veral modifications of the 'test are employed, ali^ough the essential 
principles are the same. Some workers use constant amounts of antigen and 
of the patient’s serum with varying amounts of complement. An example 
of this method is Harrison’s technique as modified by Wyler and described 
in previous editions. Other worlmrs bold the amounts of antigen and 
complement constant and employ varying amounts of patient’s serum. Two 
examples of the latter proceoure are described. Method I (Price’s (1950b) 
modification of the Wyler (1929.|nd 1934) technique) is a convenient and 
rapid one*tube screening procedure in which small volumes of the reagents 
are added by a droraing technique. 

Method 11 (Kmner) employs larger volumes measured by graduated 
pipettes. Overnight fixation in the cold at 4® C* is used. This^ethod has 
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the adwitage tlitt it can be ada|rted readity for use vritb otiier 

as those px^epared from the Reiter spirochaete or from other baiCtertE 

viruses. 

Method I 

Antisen^ 

Fftsh ox hearts are obtained from the slaughter house and are freed of &t 
and connective tissue. They are cut into pieces no longer than 1 
weighed. About SO g. of the cut muscle is pounded with powdered g^^M*** in 
a mortar for a minute of two. This mixture is transferred to a 2 litre 
and 9 ml. absolute alcohol are added for every gram of muscle. Not more 
than 100 g. muscle should be treated in one flaajg; . The is now tightly 
stoppered, shaken thoroughly, and left for five days at room temperature in 
a dark cupboard. The flask must be shaken well every day. The mixture 
is now filtered through No. 1 Whatman filter paper at room temperature and 
18 stored in the refrigerator overnight. Filter once again through Whatman 
No. 1 filter paper while still cold in the refrigerator. Store the filtrate in 
amber glass bottles away from the light in a cool place. 

For use, 6 parts of the alcoholic extract are added to 4 parts of a 1 per cent, 
solution of cholesterol and this mixture is then diluted with according 
to the optimal titre of the antigen. If, for example, the optimal titre is 320, 
0*25 ml. of the cholesterol antigen mixture is accurately pipetted to the 
bottom of a 100 ml. measuring cylinder and 80 ml. saline is measured into a 
similar cylinder. The saline is now poured rapidly into the measure con- 
taining ihe antigen and the mixture is completed by pouring from one 
cylinder to the other six times* The resultant opalescent mixture is the anti- 
gen to be used in the test; it should stand for 20 min. before use and can be 
used throughout the working day. It should not be used after 8 hr. 

Human heart muscle has always been reputed to make a very sensitive 
Wassermann antigen but recent work indicates that it may give non-8pe<^c 
results. 

Before use the antigen must be tested in the following three ways: (1) it 
must be shown to have complement-fixing ability; ^2) the anti-ccnnple- 
mentary action of the antigen must be determined by itself and also in the 
presence of normal serum; and (3) the antigen must be titrated by the method 
of optimal proportion to discover the appropriate dilution to be used in the 
test. With commercially prepared antigens these steps have usually been 
carried out by the makers who supply instructions for the use of .their 
product in the test. Full details of the method of titration of anti|;ens are 
given by Price (1950a) but tiie essential steps are as follows. First, the 
anticomplement^y activity of the antigen in the presence of normal serum 
is determined. accomplish this a chess-board titration is set up witii It 
series of antigen dilutions and a series of complement dilutions. The anttgon 
is prepared in seven doubling dilutions from 1 in 20 to 1 in 1280 and file 
complement in seven dilutions ranging from 1 in 10, 1 in 20 and so on fo 
1 in 70. Each tu^ also contains normal human serum and the haemolytic 
system (t^ ^a). When the titration is xead the complemmt titre for eadi 
antigen dilution is recorded and from these figures the ^^diagnostic dosea*^ 
of complement needed in the next step is calculated by the method on p# 932* 

The Optimal Proportum Titration of fAa Employs the same 

series of a^gen dilutions that were oaed in determining me axm^*cinn|NM^ 

A suitable antlgm(Malts»erCsrdi«^pfoAiitigsiO is aviitsyec^^ 

Msssti, London. 

3n 
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ment$xy activity. They aie set up m a £resh chessboanl titratioa against a 
ae^ m seven dilutions of a positive senun ranging from 1 in 10, 1 m 20 to 
1 in 70. To each serum-antigen mixture the appropriate “diagnostic dose” 
of complement, and (after an interval for focadon) tne haemolytic syston is 
added. The known positive serum is preferably of moderate stren^ with 
a titre of about 1 in 40. The end point of foe titradon is that andgen dilution 
which reacts with the greatest dilution of foe serum. It is often necessary 
to read foe result by interpolation and mnce foe reactivity may be spread 
over a zone of antigen dilutions it is permissible to take foe mid-point of the 
zone as m end point. As a final step this antigen dilution is taken as a working 
suspension and retitrated to determine foe amount of it to be used in the 
test proper. The antigen suspension is now diluted in saline in a series of 
seven doubling dilutions ranging from 1 in 2 to 1 in M. It is next set up in 
a chessboard titration against foe positive serum diluted 1 in 2, 1 in 4 and so 
on to 1 in 64. The vmumes of reagents used and folp technical procedures 
are those described on p. 935. 

Cardiol^|>in (as Antigen in tlie Syphilis Senun Aeactions) 

This substance isolated from foe phosphatide fractiem of lipoidal extracts 
of heart muscle, has been extensively used in recent years in foe Wassennann 
and flocculation tests for syphilis. It has been claimed that cardiolipin yields 
more specific results than those obtained with the unpurified lipoid prepara- 
tions usually employed as antigen in these reactions. It is dso supposed 
that foe specific activity of these lipoid preparations with syphilitic sera 
depends on “cardiolipin”. This substance contains phosphorus but no 
nitrogen; on saponification it yields fatty acids, a non-reducing carbohydrate, 
and phosphoric add. ' 

In the syphilis reactions it is used along with ledthin and cholesterol, and 
preparations containing an appropriate admixture of these constituents are 
available for diagnostic tests, e.g. foe cardiolipin (Whitechapel) antigen, 
obtainable from Burroughs Wellcome & Co., London, which has foe follow- 
ing composition: cardiolipin 0*05 per cent., ledthin 0*05 per cent., and 
dmlesterol 0*5 per cent. The titre in which foe antigen should be u^ is 
qiedfied by the makers. This ant^en is suitable for the Wassennann test, 
in substitution for foe original antigen employed in this metlwd. 

Patient's Senun 

A spectmen of blood is obtained by vein puncture as for blood culture. 
Hie blood is then placed in a sterile stoppered test-tube or screw-capped 
bottle and allowed to coutdate. It is advisable to obtain about 5 ml. of tuood. 
The serum is pipetted off after separation and heated in a water-bath at 56' C. 
for 30 min- Heating eUmmates ^gjtdlacy of non-spec^ fixation ^ects vHm 
occur with normal unheated sera plus ihe antigen ; it also deprives foe senun 
of its complementing property. 

It is thou^t that foe albumin fraction in unheated s^hilitic serum may 
act as a protective colloid and that it tends to reduce preaptation in fioccuu- 
tion reactions. Heating the fraction ^minates tins effect 

Cou^toiiieiit . 

Fretii or spedaUy preserved guinea-pu serum is used. It oontaiiu an 
active hwanolytic cmnidement for foe red corpuades of the ox or she^ 
senaitiaed witfr the homofogous haemolytic antibody. Whem fr’eah sen^ 
ua«l, the blood is obu4&ed 12 to 18 hr.btffore foe test by siprmng thewp 
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vessels ctf ne^ over a 6-in. funnel, ftom which the blood » 

in a mesaurin^^lindcr; it is allowed to coagulate and stand overnigfat in *V» 

“ serum too recmtly wkhdrawn is ap« to 
be excesatvcly nxable , and m consequence is unsuitable for th e Waaser** 
mann test. 


If p^sible Ac pooled ^rum of several gumea-{^ should be used. 

It should be noted that complement is unstable and deteriorates on 
keeping ordinary temperatures. It is advisable throughout Ae experimntit 
to keep Ae gumea-pig serum on ice. If storage at -- 30® C. is available Ae 
fresh serum may be Avided into small portions and kept frozen for a few 
weeks. 


It is now a general practice to use specially preserved serum pooled feom 
a number of animals. 


Preservation of Complement 

For Ae preservation of complement two principles have been applied: 

(1) rapid drying of Ae serum from Ae frozen state in vacuo (‘‘freeze-drying**) 
and the reconstitution of Ae serum when required by Assolving Ae dried 
material in Ae appropriate amount of distilled water; this is exemplified by 
Rayn^'s tnethod for Ae preservation of bacterial cultures and serum as 
described on p. 808 ; and this technique is also recommended for complement- 
serum, particularly when the complement may not be used for some time; 

(2) adAtion to the liquid serum of sodium chloride or oAer salts in hypertomc 
concentration; this is exemplified by Richardson^ s method and Ae sodium 
acetate boric acid methods Preservation of Ae complement-serum in Ae 
liquid state constitutes a simple and convement procedure. 

RichardsorCs Method , — Preservation of liquid complement-serum in 
hypertomc salt solution is effective provided Ae pH is adjusted to 6-fi4. 
A convement method, employing borate-buffer-sorbitol for control of pH, 
IS described here (Richard^n, 1S41). 

Two stock solutions, which keep indefinitely, are used: 

{A) Boric add (HaBOs) 0-93 g., borax (NaaB,H„ lOHaO) 2-29 g., and 
sorbitol (CeHiaOa, fHaO) 11*74 g. are Assolved in and made up to 100 ml. 
with saturated NaCl solution. The resulting molar concentrations are: 
0*27 M boric add, 0*12 M soAum borate, 0*6 M sorbitol in saturated soAum 
chloride. 

(B) Borax 0*57 g. and soAum azide (NaN,} 0*81 g. are dissolved and 
made up to 100 nu. wiA saturated NaCl solution. The resulting molar 
concentrations are: 0*03 Mboric add, 0*03 MsoAum borate, 0*125 MsoAum 
azide in saturated soAum chloride. 

To preserve complement-serum, mix 8 parts of serum wiA 1 part of 
solution B, followed by 1 part of solution A. This treated serum kee^ very 
well even at room temperature. At 0®-3® C., loss of titre is not noticeable 
unA after six to months. The mixture contains 0*03 M boiic add, 
0*015 M sodium borate, 0*06 M sorbitol, and 0*0125 M soAum ai^e. 

For use as 1 in 10 cmnplement, 1 part of preserved serum is diluted wiA 
7 parts of water# Any fiirAer dilution from this 1 in 10 mixture is 

naade wiA saline, Dtfeted serum shodd not be kept mom Aan an hour or 
i tivo. According to Richardson, tm case of fadtybdmviourmAeWasmitnaim 
I i^c^actionamAufeUem preserved seiwa has come to 

I Presmmtim iy iSbi^ Acetate.---A v^ Aapk ^ cotwt&ait 


“llWi 


water (SoaiMiMdiiito, 193(0. ^ ^ ^ 
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bottles at approximately 4'' C. The full haemolytic activity of the serum 
and the fixsoility of the complement in the Wasseraiann reaction are 
maintained for amut six months. It should be noted in using this preserved 
complement that it represents a 1 in 2 dilution of the original serum. 

It should be noted that traces of zinc reduce the haemolytic activity of 
complement Since Analar preparations of sodium chloride do not at present 
limit the presimce of zinc, it is a wise precaution to ch(^ the diluents and 
solutions used in prepping conmlement Traces of zinc are detected by 
turbidity on the Edition of a freshly prepared solution of 0*1 per cent, 
sodium di-ethyl-^dithiocarbamate (WiMnson, 1950). 

Titration of Complement 

Price’s method (1949) is recommended. A pool of six or more normal 
sera and another of strongly reacting positive sera are required. Prepare 
a series of ten dilutions of complement in saline ranging from 1 in 10, 1 in 20, 
and on to 1 in 100. Set out five rows of 3 X J in. tubes^ follows: 

Row 1 has 10 tubes, to which are added: \ 

1 volume complement at dilutions 1 in IQ to 1 in 100 

2 volumes saline. 

Row 2 has 5 tubes, to which are added: 

1 volume complement dilutions at 1 in 10 to 1 in 50 

1 volume saline 

1 volume antigen diluted as in test 

Row 3 has 5 tubes, to which are added: 

1 volume complement dilutions at 1 in 10/ to 1 in 50 

1 volume saline 

4 volume pooled normal serum 

1 volume antigen. 

Row 4 has 7 tubes, to which are added: 

1 volume complement dilutions at 1 in 10 to 1 in 70 

2 volumes saline 

\ volume pooled positive serum. 

Row 5 has 7 tubes, to which are added; 

1 volume complement dilutions at 1 in 10 to 1 in 70 

2 volumes saline 
volume normal serum. 

Plastic plates of the WHO type are a convenient alternative to the 3 x | tubes. 
The ususd volume employed in the test is 0*11 ml., as in the Wyler technique, 
and the reagents are conveniently added by standard dropping pipettes 
attached to suitable separating funnels. Droppers of three different sizes are 
required (Donald’s Method) (1) for saline, complement and sensitised celk a 
piece of glass tubing is drawn out, inserted into a Rawco gauge and cut 
squarely at a point where its outside diameter is 0*75 enu (2) For the antigtf^ 
suspenmon a dropper is cut in the same manner mth an outside diameter of 
0*9 cm. (3) For unmluUi human sera the pipette dropper is inserted into the 
No. 56 hole in the Starrett gauge and cut as near to the surface of the gauge as 
possible. Pipettes (1) and (2) deliver per drop 0*11 mL of the reagents for 
wl^ tibey are designed npette (3) delivers in 1 drop 0*022 of inactivated 
human 8era»f.e.^ the volume of that discharged by (1) and (2). It is necessary 
to check tile pipettes for accuracy before use. 

When the reagents have bem added the rack is incubated for 1 or* 
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in * C. bath. At the rad of thb period, the rack is re mo ved fiom 
the bath rad to every tube is added 1 volume of seoritised red bAtiod e eHa 
The rack is returned to the bath for a further 30 mim rad the reairits ate 
then read. The last tube in the serial dilutions to show complete 

haemolysis is taken as the end-point 

am^ts of complement wiU be needed in tibe test proper: (A) For 
thi S&tum Con/fofc.-— This dilution of complezmtnt is the to show 

complete haemolysis in Row 4 or 5. This is the serum eonlr^niose. 

(B) .For rite Diagnostic TVit,— This dose is calculated by taking riie 
end-point in Row 3 and multiplying it by f . For if 1 in 40 

were the end-point then the complement would be used at a dilution of 
1 5 5 1 

40^4*160*' 32’ ^ diagnostic dose. The 25 per cent margin of 

extra complement used is sufficient to cover the occasional anti-comple* 
mentary activity of normal sera. 

Haesnolsrtic System 

With guinea-pig complement, a haemolytic 8)r8tem consisting of sheep 
red corpuscles sensitised with the appropriate haemolytic antibody is used. 

Defibrinated blood is obtained at the abattoir (p. 737). The required 
quantity is thoroughly mixed with several volumes of normal saline and then 
centrifuged to separate the corpuscles, the supernatant fluid being pipetted 
off. This process has generally been designated ^Vashing” the blood 
corpuscles and is repeated three or four times. The centrifuged deposit of 
corpuscles after the final washing is suspended in normal saline to form a 
6 per cent, suspension. 

Standardisation of the Red Blood Cell Suspension 

Transfer exactly 1*0 ml. of the suspension to a special haematocrit tub 
(Price & Wilkinson, 1947).^ After centrifuging for ten minutes at 2500 r«p.m 
ffie height of the column of packed cells is read off. The standard paired 
cell volume required in the test is 0*05 nd. and the original 6 per cent sus- 
pension is adjusted to this content by dilution by simple proportion. The 
following example shows the method of calculation: 

6 per cent suspension packed volume » 0*057 
Desired packed cell volume . . =0*050 

Dilution factor . • . =1*14 

Thus, 0*14 ml. saline should be added to each 1*0 ml. of the original 6 per 
cent cdl suspension. 

Equal volumes of rhia standard suspension and saline conta min| f 12 
MHD of haemolytic serum per unit volume m ndxed, shaken vigor** 
ously, and incubated in the water-bath for 30 minutes at 37® C. Some 
workers prefer to ensure complete mixing bj^ passing a current of air through 
the suspension during the period of incubation. 

Presermtim of Sket^ Rid Blood CeUs 

Sheep Mood for compl^nent fixation testa may be pt^omd ft G. in 
an equal volume of aSUe modified Alsever^s solution (Muschd fc 
1955) comusting of: 

‘ Obtainable from Metsm. R. B. Tun«r fr Co. Ltd., London. 
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Sodium diloride 
Trisodium citrate 
CStric Add 
in Distilled Water 


2*05 per cent 
042 per cent 
0*8 per cent. 
0*055 percent 


Sheep cells have been satisfactory for use for a period of six vreehs after 
collection in this solution. 


Haemolytic Antiserum 

The following method (Darter, 1953) is recommended. Rabbits receive 
on alternate day| a series of five intracutaneous inoculations of whole sheep 
blood in the following doses : 0*5, 1*0, 1*5, 2*0, 2*5 ml. These are followed on 
the twelfth and fifteenth days by the intravenous injbculation of 1*0 ml. of 
a 20 per cent suspension of sheep red blood cells inlnormal saline to which 
has been added 0*01 per cent, magnesium sulphate. A trial bleedmg is taken 
from the rabbit’s ear on the eighteenth day and if thelhaemolysin content of 
the serum is satisfactory (the titre should be over 1 in 10,000) the rabbit is 
exsanguinated and the serum is separated. If the titre is not high, further 
intravenous injections are given. High-titre serum ^ usuaUy preserved 
by adding to it an equal voliune of sterile glycerol. 

The haemolysin titre of the serum (sometimes referred to as its minimiim 
haemolytic dose) is estiinated as follows: Set out ten tubes and add to them 
saline according to the following table. 



Tube No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

Saline solution . 

None 

0-5 


VS 






m 


Prepare a 1 in 1000 dilution of the haemolytic serum and add 0*5 ml. of it 
to the first five tubes of the titration. Then proceed as follows: 


Tube 

No. 

1 

i 

Procedure 

Final haemolysin 
dilution 

H 

None 



Mix. Discard 0*5 mi 

1 ; 2,000 


Mix. Transfer 0*5 ml. to tube 6. Discard 0*5 ml. . 

1 ; 3,000 

iBl 

Mix. Transfer 0*5 ml. to tube 7. Discard 1*0 ml. . 

t : 4,000 


Mix. Transfer 0*5 ml. to tube 8. Discard 1*5 ml. . 

1 : S.OOO 

6 

Mix. Transfer 0*5 ml. to tube 9 . 

1 : 6,000 

7" 

Mix. Transfer 0*5 ml. to tube 10 . 

1 : 8,000 

8 

Mix. Discard 0*5 ml 

1 : 10.000 

Ka 

Mix. Discard 0*5 ml 

1 : 12,000 

m 

Mix. Discard 0*5 ml 

1 ; 16,000 


Now add to each tube 0*5 mL of a 1 in 10 dilution of compknoent and 
0*5 ml. of the 3 per cent, sensitised ted blood cdUs prqrared as ^ve. In- 
cubate for otte hour at 37° C. in a water>bath; the last serum dUatiOn to show 
oomplete haenudysis is taken as die end-point. The lowest titre vrfiich n 
acceptable ht die purpose of sensitising nd blood edSs for the Wassermann 
teacung is 1 in lOw. 

Bimou^ Wdloome haemolytic serum for red corpuades^y 
omvemaitfy be used hi prqiating a haemdydo system for dtEftest Tms 
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antt-sheqp haemolytic eerum is obtained from the hone. It m exett 
a pwnoui^ a^ntmtf^ effect on the homolc^mn corpuKdea, wWi mpid 
sedimrataton of the ce&. It is advisable therefore to addlhewanm to & 
corpusdto just before the haemolytic system is required. 

An “t^tive m^od for the preparation of a haemolytic antiserum tot 
sheep 8 red blood is that of Sawyer and Bourke (1946) which employs 
the ^ma of lysed erytiirocytcs as the antigen and a shorter inocuhtti^ 
schedule thereby mimmismg the shock reactions that are IjahV to «Trff iT 
with the usual immxmisatton procedures. 

ScftsUis^d cells f Of the test are made by mixing equal volumes of the standard ^ 
6 suspension (p. 933) and the haemol 3 rtic serum ^liluted to contain 

12 MHD per umt volume. After vigorous shaking, the mixture is in- 
cubated for one hour in a 37® C. water-bath. 


The Teat (the method is that of Price, 1950b) 

Small test-tubes 3 x ^ in. or WHO plates are used and the reagents are 
added to them either with graduated pipettes or according to Donald's 
dropping method (see p. 932). 

The first step, before commencing the test, is to titrate the complement 
using the sensitised red blood cell suspension to be used in the test (see p. 932). 
This is necessary because even pooled preserved complement-serum may 
vary in activity against different specimens of red blood cells. 

The test proper is a screening procedure and each serum has two tubes 
allocated to it. The reagents are added as follows: 


Tube 1. Serum Control Tube: 

Patient's serum ... 4. volume 

Saline .... 2 volumes 

Complement serum control dose 1 volume 

Tube 2. Diagnostic Tube: 

Patient's serum ... 4 volume 

Saline .... 1 volume 

Complement diagnostic dose 1 volume 

Antigen .... 1 vedume* 


After adding the reagents the racks are shaken thoroughly and placed in 
a water-bath for 1 hr. at 37® C. At the end of this time the racks ate j^ed 
on the bench and to each tube is added one volume of sensitised red hlood 
cells. After shaking again, the racks are replaced in the water-bath for a 
further 30 min., after which the test is read. 

Complete biolysis in both tubes is read as negative reacdon. No 
haemolysis in ^e diagnostic tube widi complete haemolysis in the contredi 
tube is read as a positive reaction. Partial haemol])^ in tlm serum diagnm^ 
tube and complete haemolysis in the control tube is read as a weakly positive 
reaction. No result can be given if the serum control tube of any particular 
specimen of serum falls to £ow complete haemofysis. Positive em weal^ 
positive sera are set aside to be put up for a quantitative test. 

QumtiUsUve Tests* — this method doubling dilutions of the serum in 
sahne from 1 in S to 1 in IdO are used. Seven tubes are requited for each 
®^rum and they are set up as follows: 

TtAe h Serum Control Tube: ^ . 

Scrum diluted 1 in 5 .... Ivolume 

1 vdiuine 

ncmtrol dose of complement « 1 volumes 
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J^Aes 2-7. Diagnostic Quantitative Tubes: 

Swum i^ropriate dilution (1 in 5 to 1 

in 160) 1 volume 

Complement diagnostic dose . . 1 volume 

Anti^ 1 volume. 

The senutised red blood cells are added in the same manner as in the 
test proper and the incubation times are the same. The end-point is niken 
as that tube whidi just fuls to show sparkling haemoljr^. 

The results are reported in terms of the serum wutions, e.g. “Fontive 
with serum diluted 1 m 30”. 

Cer^rospuuil Fluid . — ^In this test the procedure u closely similar to that 
used for serum. Neat cerebrospinal fluid is used in theitwt proper and one 
volume is added to both the diagnostic and control tubes instead of the one- 
fifth volume used for sera. The test is made quantitativetby making doubling 
dilutions from neat cerebrospinal fluid and results are r^rded as “Positive, 
fluid diluted 1 in 2, 1 in 4” and so on. \ ^ 

Each batch of tests should include known positive sera of varying degrees 
of reactivity and a known negative serum. Controls should be set up for 
each of the reagents used. 


Method n (Kolmer’s Method) 

It is not possible to include the minutiae of details described by Kolmer, 
and workers who use this method are referred to Kolmer’s own papers {e.g. 
Kolmer, Spaulding & Robinson, 1952). 

The main essentials of reagents and technique are, however, given below. 

Jut^en. — A. cardiolipin antigen containing 0*03 per cent, cardiolipin, 
0*05 per cent, lecithin and 0*3 per cent, cholesterol is used. The 
antigen dilution is indicated on the label of the bottle; usually it is 
1 in 150. 

Saline. — 0*85 per cent. NaQ containing 0*01 per cent, msgneaum 
sulphate. 

Sheep red blood cell suspension . — A 2 per cent, washed suspension of 
red cells is used. It is standardised, using the haematocrit as in Method 
I to contain 0*02 ml packed ceils per mL 

Haemolytic serum . — ^Dilute with saline to contain 4 MHD per mL 

Patienrs sera . — ^Treat as in Method I. 

Complement . — Preserved complement is titrated in the presence of diluted 
antigen, and after 1 hr. in the water-bath at 37° C. the haonolysin 
and the sheep cdl suspension are added separately. 


Tube 

Complement 

Diluted 

Saline 

Haemolyain 

Sheep <^li 
suapc^ion 
(2 per cent) 

No, 

1 :30 

antigen 

Solution 


1 

(ml.) 

0*20 

(ml,) 

0*5 

fn.., 

ilS-’ 

(ml,) 

0*5 

2 

0*25 

0*5 

1*3 

0*5 

0*5 

3 

0*30 

0*5 

1*2 

0*5 

0*5 

4 

0*35 

0*5 

1*2 

0*5 

0*5 

S 

<H0 

0*5 

M 

0*5 

0*5 

6 

0*45 

0*5 

M 

0*5 

0*5 

7 

0*50 

0*5 

1*0 

0*5 

0*5 

8 

None 

None 

2*5 

Nens 

0*5 
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Remove ndc from water-bath and read comidemient titralhm. Tte 
gmalieet amount of compkment complete hamolyns la die exact unk. 
•file full unit is 0*05 ml more than the exact unit. 

For the con^kment-fixation tests, complement is diluted so that 2 fiiU 
iinitu axe contained in 1*0 ml. 



Exact unit 0*3 

Full unit . 0*35 

Dose (2 full units) 0*7 


Dilution of complement to be employed in the test proper may be cal- 

30 

culated by dividing 30 by the dose, i.e or 1 ; 43 dilution of guinea- 

pig senuxu 


The Test 

Two tubes are used for each serum to be treated and in each batdi sen 
of graded reactiidty from negative to strong potitive are included. Addi- 
tion^ controls are needed for the reagents used in the test, t.e. the antigen, 
the haemolytic system and the complement The test is set up as foUovro : 


Serum 

Antigen 

Saline 


Diagnostic Serum Control 

Tube Tube 

0*2 ml. 0*2 mL 

0*5 ml. Nil 

Nil 0*5 ml. 


Stand at room temperature 10-30 min. 


Complement containii^ 2 full units 
per ml .... 


1*0 ml 


1*0 ml 


Mix by thorough ■halting and place overnight in the refrigerator at 6®-10® 
C. for 15 to 18 hr. The followup day remove the racks a^ p^ t^ for 
10 min. in a 37“ C. water-bath. Remove from the bath a^ add to sU tubes 
except the red ceU control tube, 0*5 mL of the dduted ha^lyttc sei^ 

andflienaddO*5ml.ofthe2percent.8h^cdl8U5^n. Ma^ioggy 

by shaking the tubes and return the racto to tl» 37 C. 

to read tihe tubes after 10 min. and watdi the known sera cwitnas aid tito 

antigen ocmttols witii care. When the known 

the«^ sera appears the final reading is pide. Usually ^ oc^ 

30 min. and certainly be present m less ^ one hour. Theiesatts 

are interpreted in the same manner as m Method I. . 

An outline of the Kolmer Method for sera and 
including the ariMMinta contained in the reagent contrd tubes is as afoiwn in 

-ith 

^ foe idto of those dbpve. 
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Saline 

solution 



Compiemeixt S H«em<»Zyaiti 
2 fiill unita d ^ . 2 units 



Tube No, 


Serum 

(ml.) 

1 . 0*2 
2 . 0-2 
Spinal 
fiuid 
(ml.) 

1. 0*5 

2. 0-S 

Controls 
Antigen . 
Haemol 3 rtic 
system . 
Corpuscle . 


The Complement-Fintion Test in Gonorrhoea \ 

The general technique of this test is very similar to that of the Wasser- 
mann test. 

Antigen . — ^This is made from cultures of several freshly isolated strains 
of gonococci. It may be prepared and titrated by Cruickshank’s (1947) 
modification of Price’s method or may be purchased from Burroughs Well- 
come Sc Co, 

The Test employs the haemolytic system and complement in precisely the 
way described in Method I of the Wassermann tests. The test proper is 
also carried out in this way except that one volume of inactivated patient's 
serum is used instead of one-fifth volume employed in the Wassermann test 

The gonococcal complement-fixation test is of limited practical value in 
acute uncomplicated cases but it is a useful diagnostic aid in chronic infec- 
tions especiaUy those with closed lesions such as salpingitis, prostatitis and 
arthritis. 


COMPLEMENT-FIXATION TESTS IN VIRUS DISEASES 

The Pr^arstiofi of Viral Antigens 

Suspensions of the infected tissues of animak or eg^, or infected tissue 
cultures are used as the source of the virus antigen which is then extracted 
and purifbd by such methods as differential centrifugation, adsorption and 
elutaon ftmn erythrocytes, or concentration in a denrity grsulient. Because 
these processes inevitwly invol^ the loss of a certain amount of the vinis 
the starring matar^ must always contain a large amount of actively growing 
virus, the minimal acceptable infectivity litre is usually but much 
higbw %ures than this are desirable. 

N^atwe Canirol Aniijgm.^^Whmever a vird antigen is betng prepared 
it is always necessary to procem along^de it, using precisely si mi iiu * »tep$ ^ 
small amount of normal uninfected tissue. ^ In this way a control antigen 
is obtained for comparison witii the viral antigen. . 

Ys>lk Sac Anifgem are suitable for work with ricbettriae, and mpabers oi 
the psittacosis, lympbogienuliomt, tradioma and inclusion conjune^^^ 
geoiip. A ptittacoeii group antigen ia prepared by inoculating the yelk ^ 
of me eig^t-day chick embryoa with 0*25 ml. of egg adapfcedFfhw diluteo 
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1 (H. (rautiona of the seed psittacosis vims of slMidid kiQ the 

embryo* in 4 days.) On Ac death of the embryos the yolk sacs ate harvested 
and impresnon smears are stained by Castaneda’s stain (only those which 
are rich in dementary bodies are used). The yolk sacs are rinsed in saline 
once to free thm fitom adherent yolk, and a suspension is pr^mred by 
grindii^ them with 1*0 ml. Ca-Mg-buffered dilumit (vtdrn^e) for each yom 
MC in a Ten Broeck grinder. The emulsion is claimed by centrifuging for 
10 min. at 100 G and the supenuitant fluid is taken off to be centrifuged again 
in an angle centrihige for three hours at 1500 G, The d^iosit is resu^iaided 
in the cimuent to one quarter of its original volume. Finally, the antigen is 
pii»wd in boiling water for 20 min. and phenol is added to ^ve a concentration 
of 0-5 per cent. 

AUantok fluid {V) antigens are principally used in work with the influenza 
and mumps viruses. They contun mature virions and are somi^imes refer^ 
to as “V” antigens. Influenza A or B antigens are prepared by inoculating 
nine-day embryos by the allantoic route using 04 ml. seed virus (titre 10^ 
or above). The eggs are incubated for 40-44 hours at 35® C. Next tlm eggs 
are chilled for an hour in the re&igerator at 4° C. and the allantoic fluids ^ 
harvested, pooled, and spun lightly to remove debris. If the haemaffilutin- 
gfing titre of tile pooled fluids is 1280 or above it can be used without nu&er 
processing. The antigen can be preserved by adding 0*08 per cent, sodium 
azide and storing at —30° C. or by freeze drying in ampoules. A mumps 
antigen can be prepared in a very rimilar way but six to eight days embryos 
are inoculated and must be incubated for five to seven days before harvest!^ 
the allantoic fluid. Influenza “V” antigens are sometimes assodated witii 
strain specific reactions and for diagnostic work some woikers prefer to UM 
“Soluble” or “S” antigens prepared from extracts of infecmd allantoic 


membranes. , , a j 

AUantoic membrane (5) mtigem are used m work with the influmm a^ 
mumps virus. Influenza viruses A2/Singapore/57 and B/Engl^/939/59 
are passed in small doses (e,g. O’! ml. of a 10^ dilution of seed virus haviM 
a haem&nlutinsitioxi titre of 10“^) by the allantoic route to batches of 
day chi^embryos. After 24 hr. incubation at 36® C. the allantoic flimh 
are harvested vwthout pre-chilling, and used undiluted m s dose of 0«1 ^ 
to tnnffiilate the alWtoic cavitics of batches of 13-day embryos. A number 
of eggs are left uninoculated to provide allantoic membranes for the prepars- 
tion of the negative control antigen. 

After 24 hours’ incubation the eggs are kdled by chiDing, and th« shell 
over the air sac is removed. Through a cross-shap^ mcuion in the chot^ 
allantoic m«nb«ne the epbnro and ite yolk sac ^ 


membrane bdbind and 1 
then removed from the 


adherent to the shell. The membranes are 
rinsed free of blood and spBt yolk in three 
m azide in physiological saline, dried between 


men removed ttom tne sneu, nnsco uxwv* 

changes of 0*08 per cent sodium azide m physiological saline, dned between 

frozen and thawed three times by alternate o" “ * 

and soUd carbon dioxide at -70® C. and in a 
purpose it it tdvisaMe to place the membrane amto^ 

Now add ■wOMiait aiadi^wline to n^ * y 

membrm^lStoogeiuae in a blend«. ^The 


‘dded. Afeerttendiirg weiB4^«»4* C.apreq^ 

*w®ed and Hd* il ««»wwed, *^4 

by ctetrift^^ftir on* br. itt*n oentrifoge at isw v 


seesiis «s 
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•me resultant, somewhat opalescent, fluid eoataiiis the tehibie 
and is best preserved by freese-dry^ smaU volumes of ft in amjxX 
Alternatively, the fluid an%n my be kept without metied deterioration 

for about one month at C . 

Strom specific mfiutaia ostt^etis.—iJoy^ (1952) showed that when 
virions are exposed to ether th^ di^t^grate and the inner S antigen 
which is common in au influenza A virus strains is £reed.^ It is possible to 
extract the strain specific V antigen from su^ a pn^>aration by adsorption 
to and elution £rom erythrocytes, and strain specific complement fixing 
antigens can thus be made for use in serodiagnostic procedures. Antisera 
prepared in the guinea-pig against these strain specific antigens are valuable 
in the antigenic analysis of freshly isolated viruses. (Lief & Henle, 1956* 
Henle, Lief & Fabiyi, 1958). I 

Tissue culture antigens are used principally in the aerodiagnosis of infec- 
tions with the pkoma group of viruses (enteroviruses etc.) but they are also 
employed in measles, and in infections with the para-influenza and respiratory 
syncytial viruses. They are obtained from tissue cultures in wluch very 
rapid multiplication is proceeding. One method commonly used for pre- 
pmng an antigen is to t^e large monolayers of primary or secondary monkey 
kidney cells, HEp2, or HeLa cells and to inoculate Aem with a virus dose 
calculated to supply 5-10 virions for each cell of the monolayer. When the 
maximal cytopatUc effect of the virus is seen the cells are scraped ofiF the glass 
with a rubber policeman and harvested together with the culture fluid. This 
su^ension is now alternately frozen at —70° C. in a mixture of acetone and 
solid carbon dioxide and thawed at 37° C. in the water-bath. After freezing 
and thawing three times, the preparation is spun lightly tp throw down coarse 
cellular debris, and the infectivity of the supernatant is estimated by titration 
of its cytopathic effect in tissue cultures. Effective antigens require to have 
infectivity titres ranging from lO"^*® to 10"^ TCD50 per 0*1 nal. 

Animal tissue antigens are sometimes used, especially in circumstances 
when the viruses do not multiply actively in eggs or tissue cultures. Thus a 
suspension of the carcases of suckling mice infected with strains of Group A 
Coxsackie viruses may be purified and concentrated by differential centri- 
fugation and the use of one of tiie density gradient techniques. Similarly 
the brains of suckling mice infected with members of the group or arbor 
viruses provide a rich source of virus for making serological antigens (Clarke 
& Casals, 1958). 

Complemem Fixation Tost flor Viral Antibodies 

The method described is recommended as the standard technique for use 
by the WHO Expert Committee on Respiratory Virus Diseases (1959). 
The method is small volume method origii^y described by Hop 
(1948) but is modified for use with antigen jpreparra from infected chick 
embr^ and adapted for the WHO perspex plates. 

Apfaiutds 

(1) Plastic plates with 80 wdls(WHO type) are used throughout They 
can be obtained from Messrs* Prestware L^, Southdown Works, King^i^ 
Road, London, *S«W.L The plates after use are deansed by ovenu^t 
immerrion in 2 per cent sodluin hydroxide followed b^ ^ 

running tap water; next a rinse in 2 per cent hydiochlotic a<m isloDowea oy 
a further washaiqf in tap water atm a final rinse in ion free distilled 
These steps can be carriM out convotientiy by transiting ihe 
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FinaBy the plate. awrfadtaL 
uivertedaodiWiiedatnxRnteiBperatareuntat^ 

( 2 ) Autonw^ Viinm 1 nO. and delivering 0-1 ml a» uiad 

throughout (ObtoiAle ^ R- B. Turner Ltd,, Inocula Hmae. 
Church Lmo «nd Hobb. Green, Eart Fmddqr, T,iw^do p, N.2.) 

Reagents 

(1) Sera we in«^^d at S6» C. for 30 min. Poaitive control wra from 
naturally occumng^ectum md neptive control wra are 

(2) Diluent Tlie wronal-NaCl dUuent deacribed on page 859 is used 

throughout. ® 

(3) Haemolytic system. Washed packed sheep red blood cells ate pre- 
pared as for ^ W^r^m Test, and an accurate 2 per cent suspension 
la made and che^m the haematocrit (seep. 933). The cells are s^tised 
by the addition of an equal volume of haemolytic antiserum (see p. 934) diluted 
to contain 10 MHD and the mixture should be incubated for 30 min. at 
IT C. before use. 

(4) Complement preserved by Richardson’s method (see p. 931) is used 
throughout. It shordd be noted that the serum from some guinea-pigs is 
known to contain antibodies to the para-influenza viruses and only comple- 
ment known to be free of such antibodies should be used in tests for tihese 
viruses. Complement of this preserved type is available commercially from 
Messrs. Burroughs Wellcome. 


Titration of Complement 


This is carried out in the presence of the antigen to be used. Prepare a 1 in 
10 dilution of a complement by adding 0*5 ml. of preserved compleinent to 
3*5 ml. of distilled water. Next prepare a series of 13 complement dilutions in 
3 X J in. tubes according to the following plan: — 


Tube No, 

1 

2 

3 

4 

5 

6 

m 

Diluent in mL 

1*0 

1*25 

la 

1*75 

jBm 

2*25 

2*5 

Complement 1 m 10 in ml. . 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

Reciprocal of complement 
dilution .... 

50 

60 

70 

B 

90 

100 

110 

Tube No, 

8 

9 

10 

11 

12 

1 

13 

14 

Diluent in ml. . 

2*75 


3-25 

3*5 

3*75 

4*0 

4*2S 

Complement 1 in 10 in ml, . 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

0*25 

Reciprocal of complement 
duunon .... 

L_ 

120 

130 

140 

150 

160 

170 

180 


( 1 ) T nnwf 4 n»1 complement dauthm to a aeries uf <a^ m i 

^0 phrte. 

( 2 ) Add to each cup 0*1 ml of the antigen at the dautisn to be HSBd ip 

thetest 
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(5) Incubate Ae plate for 30 min* at 37® C» » 

(6) Make a reading of the i^pcoatatimigAehi^^ 

giving 100 per cent. liaeiiiol3^aia. 

For use in Ae tests dilute the 1 in 10 complement to contain 2*5 muq 
by the 100 per cent haraiolysia reading. 

Titration of the antigen 

Each new antigen before use is titrated agai^ an excess of a known 
positive serum. Theunitvolumeused AroughoutisO-1 mi Two rows, each 
of eight cups, in a WHO plate arc used togeAer wiA three more for the 
controls. 

Proceed as follows : — 

(1) To all Ae eight cups m each of Ae two row^, but omitting Ae first 
cup, add wiA an automatic pipette one volume of Ael Aluent. 

(2) To control cup A (serum control) add one volume of diluent, to control 

cup B (complement control)’ add two volumes, and conWol cup C (haemolytic 
system) add three volumes. \ 

(3) Add to Ae first two cups of boA rows one volume of neat antigen. 

(4) Make a series of doubling dilutions by mixing the contents of the 
second cup in Ae first row Aoroughly wiA Ae pipette and transferring one 
volume to Ae third cup; proceed in this fashion to the end of Ae row and 
discard Ae volume remaining in Ae pipette. Repeat Ae same process with 
Ae second row. The antigen dilutions in Ae rows are 1 in 1, 1 in 2, 1 in 4, 
1 in 8, 1 in 16, 1 in 32, 1 in 64 and 1 in 128. 

(5) Rinse Ae pipette Aoroughly and add 1 volume of diluent, in place of 
serum, to each of Ae cups in Ae fust row which now constitutes Ae antigen 
control. 

(6) Dilute the positive control serum to eight times its known titre (e.^. 
a serum wiA a titre of 1 in 128 would be diluted to 1 in 16). 

(7) Add one volume of Ae diluted serum to Ae cups of the second row and 
to contol cup A. 

(8) Add one volume of complement Aluted to contain 2*5 MHD to 
all cups except cup C. 

(9) Incubate the plate for 60 min. at iT C. 

(10) Add two volumes of sensitised sheeps red cells to all cups. 

(lli Incubate again for 30 min. at 37^ C. 

(12) Read Ae results as soon as Ae cells have settled. Any cup Aowing 
less Am 50 per cent, haemolysis is regarded as positive. More Aan 50 per 
cent, haemolysis is regarded as negative. 

For use in Ae test Ae antigen is used at a concentration four times the 
figure obtained from Ae end point in this titration (e.g. if Ae maxiaoal 
antigen titre were 1 in 16 the antigen would be used at 1 m 4). 

The Test fok the Titration of Serum Antibodies 

This is carried out using Ae meAods and reagents described above. The 
unit volume is 0*1 ml. 

PreUmbuny screening is generally practiced to save unnecessary labour 
and to conserve laboratory reagents. *lTie convalescent serum onfy is 
at a single Alution usually 1 in 8. Ctely in cases where AefinAng is positive 
ib Ae fw test wiA boA acute and convatescent sera set up. , w 

The FuU Test requires serum dtlutims of 1 in 2, 1 in 4, 1 m 8 and 1 tn l^ 
for the acute serum and 1 in 2, 1 in 4, 1 in 8, 1 in 16, 1 in 3!^ 1 in 64, 1 fo 1^^ 
1 in 256 for Ae convakscent serum. Omtxek for each emim dihitea to 
1 in2and 1 in4areindiudeA Eschcup A Aelesieomaiiw 
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diluted dautkm, aBdowTOhiiBe 

of cwapto^ ewwa^Z 5 compUaa^ Antigen, too^teent 
gnd haemowc eontroto aie required. ll»e subiMuent OTooedore 

3 ,id the readiM o£ tlw ^lt» are as described m the method rf 
titration (atep 9 onwards). 

A me*!®!* for use with ^ freeze-dried antigens supplied by 

the Public Health Laboratory Service is described by Bradstreet and Taylor 
( 1962 ). , , , 

Red^^umes of reagmts may be employed m a technique in which 
drops of ti» flmds W are plao^ on ruled perspex plates that ^ incubated 
in a special huim^ed cabmet (Fulton 8e Dumbell, 1949). 

A mCTOtechmquc which employs spedal loops to prepare the 
and w^ per^ at least an mght-fold saving of reagents has been described 
by (1955). A report on a trial of this apparatus is givoi by Sever 

(1962). 


HAEM&6GLUTINAT10N4NHlBrri0N USTS IN INFLUENZA 

The value of these lies in their extreme specificity and the fact that 
they can be used to distinguish antibodies to the various substrains and 
variant of the influenza viruses. The reaction is of great importance also 
m the identification of freshly isolated strains of influenza viruses. Haemag- 
glutination-inhibition tests thus differ from the complement-fixation reactions 
described on p, 940 for the la^r are group specific and will do no more than 
distinguish the antibodies to influenza viruses A, B and C. 

Saline Diluent . — ^Throughout the tests the buffered caldum saline is used 
at pH 7*2-7*4 (sec p. 859). Alternatively, the veronal saline diluent with 
added calcium and magnesium may be used (see p. 859). 

Standard Erythrocyte Suspension . — Blood is obtained from the wing vein 
or the heart of a fowl (see p. 1020) and added to a suitable anticoa^ant. 
Human “Group O*’, or guinea-pig erythrocytes may also be used. The cells 
are washed thoroughly in the centrifuge and then the volume of the pa^ed 
cells is determined in a graduated centrifuge tube by spinning in a straight- 
headed centrifuge for 10 min. at 1000 G. 

The cells are then suspended to make a 0*5 per cent, suspension. 

Standard antigens are prepared from high-titre poob of infected allantoic 
fluid. At present it b recommended that the following should be used: 
A2/Singapore/57 and B/En^and/939/59. ^ 

Titration of Fintf,— Set up two rows of 3 X J in. tubes, 10 tubes in eadx 
row. Pbee 1*0 mL amounts of saline solution in each tube in the front row. 
With a bO mL pipette add 1*0 ml. of the viral antigen to flie first tube of the 
front row. Discard the pipette* Mix well with a clean pipette and transfer 
bO ml. to the second tube of the front tow and 0*25 mL to the first tube of 
the back row. Take a fresh pipette and mix the contents of the seocmd tube 
of the front row transfer 1*0 mL to the third tube of the front rw 

and 0*25 mL to the se con d tube of the back row. Contmue thmugh theeerxes 
until ah the tubes of the row contain 0*25^ doubling dilutiona of 
the virus. It is extrmefy imporUmi to take afresh pipette te eoA 

Discard the feontmw of tubes. Add to each tube 0^25 mL saline 
solution and 0*5 ml of the M per cent red ceU suspenaioii. Indude an 
erythrocyte control tube containing 0*5 mL saline and 0*5 mL of ttomdem 
suspenaiom Stand for t hr. nt room tmnperaturc and read m tmm 
*w:cording to the pattern. The 0*25 ml. voimne foe 
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virus dilutioQ which conmletely agglutinates the red cdls cnntairni 
hseosamlutination iinit. For the test four haems^hitinatiiig 
requitra and foe viral antigen is diluted to one fourth of foe titre obtained. 

!rert Sera.— Pairs of sera obtained during foe acute and convalescent 
phases of foe illness an absolutely essentiaL Bofo s«s must be «nriin««^ 
at foe same time. It is important to remove foe non-q>ecific inhihit 4 > Ta of 
viral haemag^fotination usually present in nornud serum. 

Prqparatx^ Tceatmeitt of Sera for Haemyyj^natlon Jtihnii*}.^ 
Tests.— Since foe presence of non-specific virus inhibitors in many 
and animal sm renders difficult foe interpretation of serological fintting y 
is a matter of importance to eliminate this source of error. Inhibitors may be 
removed from human sera vrifoout affecting foe titre of specific antibody by 
foe following methods: ^ 

Treatment with a crude filtrate of V. cholerae 

The filtrate is prepared as follows: Semi-solid tr 3 ^tic digest heart agar, 
spread in a thin layer in Petri dishes, is inoculated 0-2 mL of an 8 hr! 
broth culture of V. diolerae (4 Z strain^. After IfiWurs’ incubation at 
3T C. foe soft agar cultures are filtered through cotton wool and paper, 
chuified by slow centrifu^tion, Seitz filtered, and adjusted to pH l-l. 
Filtrates are titrated by estimafoig the minimal amount ^t will, in a ^ven 
amount of normal rabbit serum, eliminate foe inhibition of virus haemag- 
glutinatkm. . 

Sera, of which O'l ml. amounts are required for each virus antigen to be 
used, are treated as foUovirs: 

To O'l ml. serum add 0*5 ml. of an appropriate caldum saline dUufion 
of cholera filtrate, incubate for 18 hr. in a water-bath at 37® C., and finally heat 
for 1 hr. at 56® C. to inactivate foe receptor-destroying enzyme in foe cholera 
filtrate. Add 0*2 ml. saline, and foe serum now diluted 1 in 8 is ready for 
examination. 

Treatment with Periodate 

Make up a solution by dissolving 0-127 gram of potassium roetaperiodate 
in 50 mL distilled water. To 1 volume of serum add 2 volumes of periodate 
solution and store overnight at 4® C. The following morning add two 
volumes of 1*0 per cent glycerol in saline and then adjust foe serum dilution 
to 1 in 8 by addii^ 3 volumes of saline. The serum is now ready for use in 
the test 

‘ntratioa of Antibodies in Seram 

Foreadiserumtobetestedsstupfour rows often 3x I in. tubes. Into 
aU the tubes of foe front row place 1^ ml. saline solution. To foe first tuk 
of the front tow add 1*0 mL m a 1 in 8 dilution of patient’s serum. ^ 
wdl and transfer 1*0 mL to foe second tube of foe front row and continue 
this procedure until foe tmth tube. Discard the remaining serum diluti(»i 
in tiw pipette. Now transfer 0*25 mL (ff tiie eontems <ff & tenth tube to 
the last tubes of the other three rovrs imd usiag the eama pipette carry out 
the same step vrifo the nin^ eighth and the other tii^ until aU ham reoeim 
their appn^riate serum dilutions. Discard the ficont tow of the tubes which 
ate not useo in the test 

Now add foe teat viral antigens dihrted toOMtainfourhaenMigg^tin^ 

doses (oMrmpre) in 0*25 nfo amounts mtiidr appropriate row»i(a!|f.infi<iean 
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(Tii-uses A^, A 2 and B). Finally to these virus serum mixtures add 0*5 usl* of 
the 0^5 per oenL red cell suspension and shake thoroughly to t he reagentau 

Sta^d at room temperature for 60 min* and then read the tests on the basts 
of the haon^glutination pattern. The titre of the serum is expressed as the 
highest wutim dilution that completely inhibits viral 
Tubes shd^g partid hacmagglutination are ignored. In any batch of 
haemagglutination-inhibition tests the viral antigens must always be 10 - 
titrated md Imown positive and negative sera must be included. Other 
controls include a serum control of 0*25 ml. 1 in 8 serum -f 0*25 ml, saline 
+0*5 ml, erjTthrocyte suspension and also a cell suspension control as used in 
the virus titration, 

Hamagglutinatim-InhiKtim Test in Influenza C Infections 

Influenza C grows poorly in the allantoic cavity and this virus must be 
cultivated in the amniotic cavity of 10-day chick embryos for 26 to 30 hr. 
at 35° C. A suitable inoculum is 0-1 ml. of a 1 in 100 dilution of the seed 
virus. 

Since influenza virus C elutes rapidly at room temperature, haemag« 
glutination and haemagglutination-inhibition titrations must be carried out 
in the cold at 4° C. 

Modification of the Haemagglutination-inhibition Test for use with Plastic Plates 

Plastic plates of the type recommended for the complement-fixation test 
are used. For virus titrations the volume of antigen used is 0*25 ml. to which 
is added directly 0*25 ml. of 0*5 per cent, red blood cells and 0*25 ml. diluent. 

For the titration of antibodies serial dilutions of 0*25 ml. volumes of the 
serum are made; this is followed by the addition of an equal volume of red 
blood cell suspension and then 0*25 ml. of the virus antigen diluted to contain 
four haemagglutinating units. The reading of the test is similar to that 
described above, 

THE MEASUREMENT OF ANTIVIRAL ACTIVITT IN SERA 
BY NEUTRALISATION TESTS 

In only a limited number of virus diseases is there an inyitro test which 
can be relied on to give an estimate of the level of immunity in the individual 
and it is therefore necessary in some cases to use animal protection teats ^ 
gauge the level of antibody in the serum. The protective action of an anti- 
serum may also be demonstrated in eggs or tissue cultures, Neutralisatipn 
tests are at present chiefly used in yellow fever, Coxsackie virus tnfec** 
tions, poliomyelitis, other entovirus infections and the arthropod-borne 
encephalitides. 

In one method a fixed quantity of inactivated serum is added to falling 
dilutions of the virus and the mixtures are held at room temperature for 
^0 min. or longer before bedng inoculated into groups of animds, eggSf or 
tissue cultures, Aoute and convalescent phase sera are included in the SMne 
batch of tests an d a control virus titration is set up* The neutralisation index 
is then determined by comparing the 50 per cent, end-jKrint of the contow 
rirus titration witii t hat of the virus-serum mixture. 

J^garitfam of neutral*^ Negative logarithm of Negative l<^aritinn of 
iaatfonfode* ** contmltitre vinis-aenm 

NeutraKwtfMiindejt 
3 0 
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NcutTBlmtion indices below 10 ane regarded as negstiv€/iad between 
10 md 49 as doubtfid; over 50 they are usuaify indicanve of m infection. 
In a second method a fixed amount of virus, sumetent to affect 100 per cent 
of the controls, is added to progressive dilutions of serum. In diis case the 
Reed and Muench or KUrber methods (see p. 880} are used to determine 
the 50 per cent, protective or neutralising end-point of both acute and con- 
valescent phase sera. In calculating these end-points it is necessary to reverse 
the direction of addition of the appropriate columns dealing with the ‘‘deaths'* 
and “survivals”. By converting the logarithm of the 50 per cent, serum 
titre to its anti-loganthm the neutralisation index is obtained. For diagnostic 
purposes the increase in the neutralisation index during convalescence should 
be at least 100. 


The Measurement of Virus InfectiVity 

The usual procedure for estimating the potency of a suspension of living 
virus particles is to inoculate groups of susceptible animals with varying 
amounts of the preparation differing by a constant dilution factor. The 
end-point of the titration is taken, for accuracy, as that dilution of the virus 
at wHch 50 per cent, of the animals react. In many such virus titrations it 
is posable to use chick embryos or tissue cultures instead of animals, but the 
principle remains the same. 

End points are calculated by the method of Reed and Muench (1938), 
see page 880. 


IMMUNODIFFUSION 

I 

The present status of inununodiffusion techniques as analytical procedures 
of high resolution and specificity followed the new interpretation of precipitate 
formation in gels by Oudin in 1946. He showed that concentrated antigen 
layered over an agar-antiserum mixture in a tube will form a precipitin band 
in a position directly related to the concentration of the antigen and its diffu- 
sion coefficient and inversely proportional to the concentration of the anti- 
body. Following these observations methods were developed in which 
antigen and antilmdy were allowed to diffuse towards each other in agar and 
one or more precipitin bands were formed according to the number of 
specific reactants present. This method is known as double dififiision, and 
may be carried out in tubes or Petri dishes. The most suitable temperature 
at which to carry out immunodiffusion tests is 4*^ C. since at higher tem- 
peratures alffiough more rapid precipitation occurs, there is decreased 
resolution of the precipitin bands and precipitation is less complete. In 
addition denaturauon of labile reactants is less likely at the lower temper- 
ature. The time taken for visible-precipitin bands to form depends upon 
the diffusion rates of the two reactants and their rdative concentrations. 
Precifutin bands when thev are first formed are at their sharpest and tend 
to broaden vnth time. A further development of the double diffusion 
proc^ure uses prefiminary electrophorem (the movement of charged 
pardeks in a conducting solvent subjected to a direct current p* 952) in ^ 
of a mixture of antigens, the smaradon of the individual componmits wUoh 
occura, aOows the eaiw indentincation of precipitin bands wmch form after 
a spedfic antiserum naa diffused towards the different components. For 
timber information on the mechantca of immunodiffusion the reader ^ 
referred to Crowle, 1961. 
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l) 0 »*le carried out in tubes 5 cm. x 2 cm. in nWcB the andgMi 

and anttix^y diffuse to^^ eaii other in a layer of i^ar is the bslria of die 
Oal^ and I^^rpe (1953) and Freer The antigen and 

antibody aolutions mzy be introduced in liquid form particukrly wmi ibe 
concentmtm of either is low and dilution is not d^ble. More cob^ 

vcmently the antigen and antibody can be mixed with ag^^ The tiirce layers 

of the sjrstem then consist of antigen and antibody mixed with agar separated 
by a w ag^,^ The concentration of the agar used is commonly 0*6 per 
cent. The precipitin bands form in the middle layer and with strong and*^ 
sera imw be seen within a few hours* Dilution of the antisera or aftttgftn 
causes displacement of the band towards the antisenim^agar or antigen-agar 
interface rwpe^vely. This t 5 rpe of immunodiffusion technique in tubes 
has the distinction of being the most sensitive type of precipitin test available 
with respect to the quantities of reactants required for the formation of 


direction 
OF DIFFUSION 
OF REACTANTS 


I 

I 
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a 


OOUatC DIFFUSION IN TUSES. A BEFORE DIFFUSION HAS TAKEN PLACE. 

B AFTER DIFFUSION HAS TAKEN PLACE. 
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visible precipitates. Quantities of reactants too small to form visible pre- 
cipitates if they were simply mixed together are concentrated in a very 
narrow zone and can thus form an observable precipitate (Crowle, 1961). 
The number of precipitin bands observed in the agar tubes does not neces- 
sarily indicate the total number of systems present as some of the bands in 
complex mixtures may be hidden by others and would only be identified by 
procedures of high resolving power such as immuno-electrophoresis (see 
page 952). 

Immunodifibaion has been extensively used in microtnology foi tlie 
identificMion of different types and strains of bacteria and vimaes. 

The smaUpme virus can be detected in the exudate from the ridn lenons 
(see page 371) and poliomy^tis virus can be typed (Grasset, Bonifss St 
Pon^tz, 1958). Fungi can be identified by immunodiffusion and a diag- 
nostic test baa mten developed for histoplasmosis (Heiner, 1958). 

Immmo'-tlectnpkoresit can be used for the ii^tification of myrienna 
proteiiis for tf tr rf iiff* in i^obulin, and the changes in su^ diseases as virus 
i»F«titts, dnhoHS and riie teticuloeea are dutinct <mou^ to suggeM the 
a^trowiate efiagpoaia. Techniqiies have been devdopM for foe 
quantitafom «f y rirfouUn in parients bring treated paarive tfonafer of 
topiotria(Gfffl, 1957). Theuseofimmuno^riecttoptoreAman^i^ 
bumau imtliologiical acm has been reviewed by Scheifiailli and Geete (190^ 
and Crowk (1961). 
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Dmtbk diffusion in plates * 

Suflfcient 1 per agar in 0«85 per cent NaCl or 0*2 M phosphate 
buffer pH 7*2 containing 0*1 per cent, sodium azide is poured into a small 
flat bottomed Petri dish to give a perfectly level surface (about 10 mL). 
this has solidifled, wells are cut in the agar with a cork borer in positions 
detennined by a pattern drawn on a piece of paj^r which is placed under the 
Petri dish. More conveniently welb are cut with a gel cutter with for ex- 
ample a central well surrounded by six satellite wells (Shandon Scientific 
Company). A very large number of different sizes and shapes and arrange- 
ments of wells have been used in this technique, the circular central well 
with equi-distant satellite wells is perhaps the most popular. After the wells 
have been filled, using separate clean Pasteur pipettes, with the antigen and 
antiserum solutions, e,g. the antiserum in the central well and the antigens 
in the peripheral wells, the plate is covered and placed ib a damp chamber 
{e.g. a plastic lunch box with a piece of wet filter paper in tne base). Diffusion 
is allowed to occur in the cold (4® C.) overnight or longer if necessary. 
Incubation at 37® C. may be used and gives more rapicJ but less clear cut 
results; however certain labile antigens may be denatured at this temperature. 
The plate is examined by means of incident light using a simple arrangement 
i^nsisting of a 60 watt electric light bulb with the top covVed with a metal 
light shield, light being reflected into the gel plate from below through an 
aperture in the light box as shown in the diagram (fig 76). The types of 


PETRI DISH DOUBLE APERTURE LIGHT 
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Immunodifitision viewing box. 


mecipitin bands commonly observed are shown in fig. 77. They take 
form essentially of one of three different patterns; (1) ^ reaction of identity 
where the lines are continuous from one well to the next; (2) the reaction (» 
non^identit^ where the lines cross each other and (3) the reaction of partial 
identity which is rimilar to (1) except for spur fbrm^on at the junction of 
the prediintin bands. 
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Fig. 77 

Commonly observed patterns found m double diffusion 
solutions are compared using antiserum as the 


Demonstratioii of Precipitating Antibodies in Farmer’s Lung 

A double diffusion test is used to demonstrate precipitating antibodies in 
the serum of patients with Farmer’s Lung disease, Pepys et al. (1963). About 
85 per cent, of these patients can be shown to have antibodies against an 
antigenic extract of Thermopolyspora polyspora. 

Requisites. — (1) Petri dishes prepared for double difiiision as described on 
page 948 with a well pattern consisting of a central well surroimded by 6 equi- 
distant satellite wells (a suitable cutter is manufactured by the Shandon 
Scientific Company, London — ^type 1812). 

(2) Extract of Thermopolyspora polyspora^ distributed by the Mycolo^ca 
Reference Laboratory, London School of Hygiene and Tropical Medicine 
Keppel Street, London. 

(3) Patient’s serum. 

Method . — ^The test serum is placed in the central well with a dean Pasteur 
pipette and doublii^ dilutions of the antigen starting at 10 mg./ml. in 0-85 per 
cent, saline in the peripheral wells. A potitive is indicated by the appnurance 
after incubation at 37° C. of 1 to 7 lines of precipitation. Strong sera show 
reactions in 24 hr. but several days’ incubation may be needed with other sera. 

The Gel-Precipitation Test for Dijdifheria Toziii 

'The followir^ method shows the production of diphtheria toiin in an 
agar plate culture and can be used as a substitute for the a nim al virulence test 

Csdture MeHsm. 

A. Pi^rtOne (Difco proteose) . 

Maltose 

Lactic add (B.P.) .... 

Distilled water .... 

AdjuM pH to 7*8 


0*6 g. 

0*MmL 
100*0 ml 
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S. Agar 3.0 g. 

Sodium chloride * I'Og. 

Distffled water ..... 100-0 ml. 

Dissolve by heat, filter, adjust pH to 7*8 

Mix equal parts of A and B, distribute in 10 ml. amounts in screw- 
capped bottks, sterilise by steaming for 30 min, on each of three successive 
days. 

The Test. 

(1) Melt 10 ml. agar medium, cool to 55® C., add 2 ml. normal horse 

serum, Burroughs Wellcome No. 2, and pour into a Petri dish. 

(2) Introduce immediately (before agar has time to set) a strip of filter 

paper 60 mm. x 15 mm. which has previously b^n inunersed in 
diphtheria antitoxin of a stren^ of 1000 units per ml. and the 
surplus antitoxin allowed to drain off. I 

(3) Dry ^e surface of the medium for 45 min. in tha incubator. 

(4) Inoculate the plate by stroking a heavy inoculum of the diphtheria 

bacillus to be tested across the plate at right smgles to the paper 
strip. Two or three strains can be thus stroxed, and a known 
virulent (toxigenic) strain is also inoculated at th^ same time. The 
line of inoculum should be as narrow as possible. 

(5) Incubate and examine after 24 and 48 hr. 

Note . — ^Plates should be fireshly prepared immediately before each test. 

A positive reaction is denoted by fine white lines commencing from the 
stroke about | in. from the filter-paper (see illustration). It appears at about 
24 hours’ incubation and in its early stages must be looked tor with a hand 
lens. The plate is best examined against a dark background; After 48 hours 
the white line of precipitation is easily seen. The toxin mifuses sideways 
from the stroke, and the antitoxin di&ses from the filter paper and where 
these meet at optimum neutrali^ng concentration, a precipitate is formed. 
If tbe plate is then left at room temperature, second^ lines may be seen 
representing the interaction of other bacterial substances, diffusing out from 
the growth, with antibodies corresponding to them in the antitoxic serum. 
It should be realised that the diphtheria toxin used for the production of 
antitoxin is not a pure substance but may contain several antigens in addition 
to the actual toxin itself. 

It should be noted also that not all makes of peptone are suitable and 
that some samples of horse serum prevent the development of the reaction. 

EUBCTROFHORESIS 

When charged particles are introduced into a conducting solvent and 
subjected to a direct current, they can be separated electrophoretically by 
virtue of the fact that they move at rates dependent on their charge at the 
particular pH of the solvent used. 

Electrophoresis is used in immunology; (1) For the identificatbn of 
abnormal serum proteins. (2) For the detemunation of gamma globulin 
levek in sera or c^er fluids, and for ffie preparation of gloDulin from such 
fluids. (3) As a prelhniiiary to immuno-electrophore^. 

Fig. 78 shows the main normal serum components that can be identified 
by electiophoresb and immuno-dectrophoresis. 

The apparatus in its amplest form consists of a power supply for direct 
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Diagram showing txuyor serum components. 

current,^ positive and negative non-polarising electrodes (platinum) and 
vessek for each electrode (plastic lunch boxes are suitable). The electro- 
horesis paper (either filter paper of cellulose acetate paper) forms a bridge 
etween the two vessels and before use is soaked in the electrophoresis buffer 
and blotted before the serum or other material to be electrophorcBed is 
applied. It is advisable to separate the electrodes from the part m the vessd 
into which the filter paper wicks (connecting the ends of the paper to the 
buffer) are dipping to prevent electrolysis products from the diectrodes 
changing the pH of the buffer in contact with the wicks. This can be 
achieved as shown in the diagram by using two vessels connected by widcs 
on each side, with the electrode in one vessel and the electrophoreris paper 
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Diagram of nn^ile electrophoreaw qiparatua. 

connected to the other. Altmiatively a qxmge can be |daoed actoaa 
width of eadi box juat in front of the electrode. The aurep* reqidred will 
depend on rt** material to be dectrophoreaed and the type of bofller meiL 
With eenun on cdluloae acetate paper (Oxdd) and veronal buffer pH, 8*2 

' A pow«r mipdv can be obtained £rom die Shuidon Scwndde Ooaipitay, 

Undcn or Proddktot, London & Stockholm. 
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(diethylbarbituric acid 1*38 g./Iitre, sodium veronal 8*76 g.llkrtt calcium 
lactate 0*38 g./litre made up in distilled water) a current of 1 1<5 2 milliamps 
giving a voltage of 150 v. will give satisfactory separation in about 2 hr. 

After 2 hr. the paper is removed using dean forceps and dried in an 
oven for IS min. at 100® C, Good definition of the protein patterns can 
be achieved by staining the dried celluiose acetate strip with nigrosin 
(Gurr) 0*0025 per cent in 2 per cent* acetic add which stains the protein 
black over a period of a few hours. Excess stain is removed in running tap 
water. 


IMMUNO-ELECniftOPHORESIS 

A glass slide is coated with 1 per cent, agar about 1 mm. thick made up 
in either veronal buffer pH 8*6 (diethylbarbituric add 1*38 g. sodium veronal 
8*76 g., caldum lactate 0*38 g., distilled water, 1 litre) dr 0*2 M phosphate 
buffer pH 7*2. The former is the buffer commonly useli in paper electro- 
phoresis and is available commercially^; the latter, however, gives better 
resolution of the predpitin bands and has a more suitable pH for immuno- 
diffusion. A pattern is made in the agar with a cutter wMch can be con- 
structed by forcing two large gauge hypodermic needles ^-2 mm. internal 
diameter) with their points sawn off through the centre ari^a of a large cork 
stopper 4 cm. in diameter about 7 mm. apart. Between the needles are placed 
the two halves of a razor blade inserted into the cork so that they are parallel 
and separated from each other by 1 mm. The cutter is lowered onto the 
agar on a slide to cut the required pattern and the agar plugs are removed 
from the wells cut with the needles (a fine Pasteur pipette on a water pump 
is suitable). The agar between the two parallel cuts made by the razor blades 
is left in situ until after electrophoresis. The prepared slide is used as a 
bridge between the two compartments of the electrophoresis apparatus, and 
is connected to the buffer at each end by means of filter paper wicks. It is 
important that the wicks are kept damp as they tend to heat up and dry due 
to the passage of the current. Electrophoresis of the antigen (placed in the 
peripheral wells) is carried out using about 50 volts requiring approximately 
2*5 ma. per slide for a period (45 min.-4 hr.) sufficient to give adequate 
separation of the different components of the antigen. Following this the 
band of agar in the trough between the two razor blade slits is removed and 
the antiserum run into the trough. The slide is then placed in a humid 
atmosphere at 4® C. or 37® C. to allow the development of the precipitin 
reaction. The preparation is examined at intervals using the viewing box 
described on page 948. Any precipitin bands formed can be recorded by 
drawing the pattern obtained on a piece of paper or the preparation can be 
photographed. Staining of the bands with a protein stain improves the clarity 
of the patterns and may even show up precipitin bands which cannot be 
seen in the unstained preparation. Such stained preparations can conveni- 
ently be dried and kept for reference. "A suitable procedure for staining and 
drying is as follows: — 

(1) The unprecipitated protein is washed out of the agar by immersion 
of the slide for 24 hr. in the buffer used to make up the agar solution* 

(2) The slide is then washed for 15 min. in 1 per cent, acetic acid to 
remove excess salts. 



^ L.K.B. Froduktur, London 8c Stockholm* 
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1 ml., (totaled water 49 ml., and methylated spirit 50 toL 8taimf*rtHBM 
be carried out for about 30 min. with this strin. 

(4) Excess stain is washed out witib the solvent to give a prepanatioii wirii 
(lark Mue predpitin bands on a dear background. 

(5) The preparation is finally soaked in 1 per cent acetk acid wttainiq; 

1 per cent glycerol for 15 min. and dried at 37® C. in an incubator. 

AKTIGEN-ANTQiODY REACHONS USING FLUORESCENT 
LABELS 

The predse localisation of tissue antigens or of tibe antigei^ of infecting 
organisms in the body, of anti-tissue antibody and of antigen-antibody 
complexes was achieved by the introduction of the use of fiuorochrome 
labelled proteins by Coons and Kaplan in 1950. This immunofluorescence 
technique combines the sensitivity and specificity of immunology with the 
precision of microscopy; it has yielded new information that could hardly 
have been discovered in any other way. The absorption of ultraviolet light 
between 290 and 495 m/i by fluorescein and its emission of longer-waveleii^ 
green light (525 mfx,) is used to visualise protein labelled with this dye. The 
technique is more sensitive than precipitation or complement fixation 
techniques, and fluorescent protem tracers can be detected at a concentration 
of the order of 1 /xg. protem per ml. of body fluid (Nairn, 1962). Of the 
variety of fluorescent dyes available fluorescein isothiocyanate which emits 
a green light and lissamine rhodamine B (RB200) eimtting an orange 
yellow colour are most commonly used. In both cases the conjugation 
Wess is very simple. There are two main methods used in *^«no- 
fluorescent work, the direct method and the mdirect method (Fig. W). 
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The indkect method ta used both for detectfog nwdfic antibodies in sera 
or other body fluids and also as a direct method for identi^nng antigens. 
For the detection of antibodies (for exua|de those in serum to a particular 
antigen), a slide on which a preparation of the antigen on a slide u flooded 
with the specific serum, and after an interval the excess serum is washed off. 
The localisation of the antibody on the antigen reparation is then visuslised 
microscopically by layering the slide with a fluorescein labelled antibody 
specific for the serum proteins of the serum under test The most suitable 
type of labelled antibody is that directed primarily against the ^bulin 
(antibody containing) fraction of the test serum, f.e. a fluorescein labelled 
anti-globulin serum. Such an antiglobulin serum can be used to detect 
antibody globulin in sera to a variety of different antigens. Iden tific ation 
of an urumown ant^en by the indirect immunofluorescence method is accom- 
plished by h^ering a known antibody on to a slide on which there is a pre- 
paration of &e unknown antigen. After washing off the excess antibody 
the preparation is layered as in the above example wm a fluorescein con- 
jugated anti-globulin serum spedfic for the globulin onthe known antibody. 
Fluorescence indicates a reaction between the unkno^ antigen and the 
known antibody globulin. \ 

The indirect technique is substantially more sensitive (4 to 12 fold) than 
the direct method due to the additional combining sitm which are made 
available by the antibody molecules of the middle layer acting as antigen 
for the fluorescent antiglobulin. 

Cot^ugatitm of Antiserum with Flumrescein Isotliiocjranate 

Prior to conjugation it is necessary to separate the globulin fraction from 
the antiserum and this is conveniently carried out by 50 per cent, saturation 
with ammonium sulphate as follows: — 

(1) Equal volumes, e.g. 10 ml., of antiserum and saturated ammonium 
sulphate are chilled separately in universal containers until ice crystals start 
to form in the antiserum, and then mixed by pouring the ammonium 
sulphate (all at once) into the antiserum. The mixture is then shaken well 
and left for 2 hr. in the cold at 4” C. 

(2) The precipitated globulin is separated from the supernatant albumin 
by centrifugation at 3000 G in a refrigerated centrifuge at 4** C. 

(3) The supernatant is removed and the precipitate dissolved in a small 
volume of distilled water, just sufficient to di^lve the ^obulin completely. 
The gfobulin solution is ^n dii^sed oven%ht against 0*85 per cent. NaCl 
at 4 °C. to remove the ammonium sulphate. 

(4) The total protein of the dialjved globulin is then estimated by a 
convenient method, e.g. the quantitative Biuret method. Provided only a 
small volume of dimmed water was used in the previous step the protein 
concentration c^ould be 20-30 mg./mL 

Conization . — ^Proteins contain sweral different chemical groups which 
can be used for the attachment of fluorochromes. These indude tiie ^ 
amino and carlxncyl ^ups at the ends of each protein chain and free amino 
groups in the lydnende chains. The optimal quantity of fluorescdn has been 
estimated by Coons and Kaplan (1950) as 0*05 mg-./mg. of protdn. Above 
t^ levd no fruther coaijuga^n tiikes place and progressively larger amounts 
of IMOtein are denatured 

Cw^Zatim fluorescein JtoMoq»mete 

(1) The ^bulin fraction pr^HuedM indicated above is diluted to 10 mg' 
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of protain per ml. with 0*5 M carbonate>bicai^ooate buffer pH 9*2 (p. 854) 
(nude up fresh before use) so that the final mixtare contara 10 per cent, 
buffer. 

^ (2) The solution is chiUed to 4® C. and 04)5 mg. of fiuotesoein aft- 
thio^anate (British Drug Houses) per n^. of proteia is added. Daring the 
addition of me fluorochrome and for die next 18 hr. the mixture dunild be 
stirred continuously, e.g, with a magnetic stirrer, and kept at 4® C. 

(4) Following conjugation excess fluorescdn is diuysed away against 
pho^hate buffered sidine (physiological 0*85 per cait. NaCl buffered with 
0*01 M phosphate) in the cold, changing the bu^ ftequen% unffl the 
dialysate contains no further dye. 

(5) The conjugate is finally centrifuged for 45 min. at 3000 G at 4® C. 
to remove any predpitated denatured proteiiL 

Corrugation leith Ldssattme Phodamme B (RB200) 

The fluorochrome is uaed as the sulphonyl chloride prepared by grinding 
0*5 g. of RB200 with 1 g. of PClg in a mortar (uung a fume cupboud). 
After mixing, 5 ml. of acetone is added with stirring for a few minutes and 
the mixture filtered. This solution should be used within 48 hr. of pre- 
paration. The conjugation process is similar to that for fluorescein iso- 
thiocyanate except that 0*2 ml. of the solution is used for every 100 n^;. 
of protein and after mixing with the globulin stirring need only be continura 
for 30 min. 

Storage of Cor^ates 

Conjugates may be stored at 4® C. with the addition of preservative, e.g, 
merthiolate 1/10,000; alternatively they may be stored at —20® C. or freeze 
dried. Prior to use non-specific fluorescence will require to be absorbed out 
from the conjugate. 


Anti-nuclear Factor Test 

The {q>plication of the indirect fluorescent antibody technique to the 
study of sera that are able to induce the formation of LE cells showed 
that these sera contain an antibody— tke antinuclear factor (ANF)— uduch 
reacts with the nuclei of tissue cells. The method is so valuable in tiie 
dia gi^pajs of systemic lupus erythematosus (SLE) that it is generally agreed 
that a diagnfMtia of SLE would be difficult to sustain in ^ absence of a 
positive test It is necessary to point out however that positive tests can 
be found in disease states and in occasional normal setar— usually in 
low titre— and that a positive test does not necessarily imply that the patient 
is suffering from SLE. 

Method (Weir, Holborow & Johnson, 1961): 

source <rf cell nuclei— sections of animal tissue are comnumly lued, 
e.g. mouse liver, calf thyroid. The freshly taken tissue is snap frozen m a 
sealed container and CO, snow at -70® C. and sections approximately 6 u 
thick are cut in a cryostat.* The sections are air dried m front of a sm a ll 
electric fan. 

* South London Electtic Conqiany, Hither Green, Londwi, S.ft. 13 and rraMooU 
Ltd., Swansea, manufaetiixe suitwie modda. 
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(2) Anti-humati globuUa conjugated witli fiuoxesoein ieoddocyamte. 
Unconjugated serum can be obtained from Burroughs WeUbome and con- 
jugated by the method described on page 954 or a Difco conjugated serum 
can be obtained from Baird & Tatloek (London), 

(3) Buffered saline pH 7*1 (physiological saline buffered by 0*01 M 
phosphate), 

(4) Clean slides and coverslips, 

(5) Btiffered glycerol mounting medium (one part of the buffered saline 
to 9 parts of glycerol), 

Absorptum of corgugates . — To remove “non-specific” fluorescence of the 
conjugate it is absorbed with liver powder prepared from fresh rabbit or 
mouse liver homogenised in a Waring blender, repeatedly washed with acetone 
and finally dried and finely powdered in a mortar and pestle. Approximately 
100 mg. of the resulting powder is used for absorbing 1 ml. of conjugate. 
The carefully shaken mixture is left for 1 hour, after vthich the conjugate is 
recovered by centrifugation (1500-2000 G for 10 min.). [ A further absorption 
may be required with some conjugates. 

The Test 

Each section is covered with a few drops of test serdm {see controls) and 
incubated in a moist chamber for 30 min. at 37® C. After incubation, the 
serum is washed off carefully in two changes of the buffered saline for a total 
of 20 min., fixed in 90 per cent, alcohol for 5 min., washed again in buffer, and 
stained with the fluorescein conjugated anti-human globulin serum by 
covering the section with a few drops of the conjugate and incubating as 
before. After 30 min. the sections are again washed and mounted in buffered 
glycerol. Examination of these sections under the fluorescence microscope 
(see p. 632) will show apple green fluorescence of the cell nuclei in a positive 
preparation and unstained spaces in negative sera. 

Controls . — Each series of tests should include a known positive serum 
and a negative serum control. It will be found necessary to dilute the test 
serum with buffer in this test as in the FTA 200 technique {vide infra) in order 
to dilute out the “non-specific” adherence of serum proteins to tissues. The 
actual dilution necessary may vary with different anti-human globulin 
conjugates and a trial wiU have to be carried out using a group of 10 normal 
sera <filuted at e.g. 1/2 to 1/20 to establish the most suitable dilution required 
to give an unstained background. (See Holborow & Johnson, 1954.) 

FTA 200 teat 

The indirect fiuorescmt antibody technique is used for the detection 
of specific antibodies to Treponema pallidum and is a simple alternative to the 
Treponema Pallidum Immobilisation Test. The test is based on that 
desmbed by Deacon, Falcone and JHarris (1957) and utilises a desiccated 
standardised kUled suspension of Trep. paladum and fluorescein conjugated 
goat anti-human globwn serum. The reagents (Difco) required can be 
obtained commercially from Baird & Tatl<^ ^London). The conjugate 
may requite to be absorbed with liver powder {vide supra). 

The Test 

i l) Draw a circle 1 cm. in diameter on a clean dry microscope slide. 

2) Place approximate!:^ 0*01 ml of the reconstituted treponemal antigen 
solution on the slide covenng the encircled area. Allow to dry. 
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(3) Fk the smear of organisms M/ith anhydrous acetone for 10 min. and 
allow to dry. 

(4) Uyer the smear of organisms with about 0*03 ml of the patient's 
seruxn diluted 1/200 in buffer pH 7*0 (page 852), Known positive and 
negative controls should be set up at the timp 

rS) Place the slide in a damp chamber for 1 hr. at 37* C. 

(6) Wash off excess serum in the buffer for 10 min,, change die buffer 
twice dunng this tune. Blot the slide gently with absm^bent paper. 

(p Add one drop of the fluoresc^ conjugated goat and-human globulin 
to the serum treated smear of organisms, and leave in a damn chamber for 
30 min. at 37® C. 

(8) Wash off excess conjugate in the buffered saline for 10 min. chang ing 
the buffer once. Remove the slides, blot, place a drop of buffered glycerol 
(page 956) on the smear and cover with a ^lass covers!^. 

(9) Examine under the fluorescence microscope (see p. 632) using dark 
ground illumination. Careful comparison of the negative control with the 
positive control will show green fluorescent treponema distinctly vinble in the 
positive control only. If tungsten lighting is available on the microscope a 

_ useful check of what appear under UV to be fluorescent organisms can be 
M made by examination of the same field under the tungsten light. In routine 
v use, and once the worker is familiar with the appearances with positive and 
■ negative sera, the test should be carried out so as to include, amongst the sera 
under test, podtive and negative controls which should be examined without 
prior knowledge of their origin. When the tests have all been read the results 
can then be checked with the actual origin and labelling of the preparations. 


LECeUTest 

A sample of clotted blood (2 ml. or more) is taken into a dean dry con- 
tainer and incubated at 37° C. as soon as possible after having been taken 
from the patient. After 2 hr. the contamer is shaken (in order to damage 
some of the leucocytes and make them more susceptible to L£ cell forma- 
tion) and re-bcubated for a further 20 min. At the end of this period, usbg 
a Pasteur pipette, the mixture of serum and cells is separated from the clot, 
and centrifoged for 5 min. b a Wbtrobe tube at approximately 1000 G 
The supciffcid layer— “the buffy coat” containing the leucocytes— is care- 
fully removed usbg ifitu Pasteur pipette and filnis prepared on dean ^lass 
slides. After stainbg with Leishman’s stab the slides are exambt^ under 
the low power objective for 10 min. and the oil immersion objective used 
to exambe suspidous cells dosely. Only polymorphs containing homo- 
geneous bdusbns which stab a pink purple colour and which shcilv no 
residual chromatin pattern should be accepted as LE cells. The pdymorpb 
nudeus is displaced to one side of the cell by the large bdusion which is 
surrounded by a thb rim of polymorph cytoplasm. More darkly stabi^ 
bdusbns (ii^ested undtered leucocyte nudd) with well marbd drromatb 
pattern and phagoqbrsed red cells must be differentiated from a true LB 
cefl. 
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CHAPTER 55 


BACTERIOLOGY OF WATER, MILK, ICE-CREAM, 
SHELL-FISH, OTHER FOODS, AIR 

BACTERIOLOGICAL EXAMINATION OF WATER 

Drinking-water supplies liable to contamination with sewage or other 
excreted matter may cause outbreaks of intestinal infections such as typhoid 
fever. In safeguarding public water supplies^ health authorities and water 
engineers rely on information obtained from the results of frequent bacterio- 
logical tests. The demonstration of pathogenic bacteria, e.g, the typhoid 
bacillus, would obviously constitute the most direct proof of a dangerous 
impurity, but these pathogens, if present, are usually so scanty that the tech- 
nical difficulty of their isolation makes the test impracticable for ordinary 
purposes (but see 975). Instead we rely on tests that will reveal the presence 
of commensal bacteria of intestinal origin such as those of the coliform group, 
Streptococcus faecalis and Clostridium welchii. These do not themselves 
constitute a hazard, but they indicate that faecal matter has entered the supply 
and that the water is therefore liable to contamination with more dangerous 
organisms. The coliform bacilli are the most reliable indicators of faecal 
pollution. Although the presence of streptococci is strong evidence of faecal 
pollution, their absence does not exclude such impurity. The sporing 
anaerobes, on the other hand, being highly resistant, would in the absence 
of the other intestinal organisms indicate pollution of some remote period 
rather than one of recent occurrence. 

Since the coliform group of bacteria may be derived from the intestines 
of various animals and birds they are likely to occur in small numbers even 
in water supplies far removed from the possibility of human contamination. 
Water grossly polluted with human excretal matter, e.g. sewage, contains 
them in larger numbers. The test for their presence as an index of the degree 
of pollution must therefore be carried out on a quantitative basis. The 
coliform grotm of lactose-fermenting Gram-negative bacilli includes a 
number of different organisms (Enterobacteriaceae). Those referred to as 
‘‘typical” Of “faecal” (e.g, Esch. coU) are essentially commensals of the in- 
testine and are derived a^ost exclusively from this source. Others, known 
as “atypical” (e.g. KL aerogen€s\ may grow also in the soil and on vegetation, 
and by derivation from these sources often come to be present in waters 
are not subject to excretal pollution. The typical faecal bacilli (EscA cdH) die 
in water during the course of several days or weeks after leaving the animal 
intestine; thus, their presence in water is an indication of recent faecal con- 
tamination, whereas the presence of the hardier atypical coliforms is not 
necessarily so. In carrying out the test for coliform badlU in wat^ it is 
therefore adviudble to determine whether the strains present are typical or 
atypical. 

A determination of the total number of viable bacteria in a water aample 
is a useful supplementary test, although of limited value by itself. It gives 
m indication of the amount and type of organic matter present in the supply^ 
The test is carried out in duiiicate at ZT C. and 20‘*-22^ C. Tht bactena 
that grow at 37^ C. are those most likely to be associated with organic matensl 
of human or origiUi whereas those growing at the lower temperature 
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are mainly saprophytes that normally inhabit the water or derived from 
soil and vegetatiom 

The routine tests generally used in bacteriological examination of water 
are: 

1. A quantitative test for all coliform bacilli known as the presumptive 
cotiform count. 

2« A differential test for typical coliform bacilli {Esch. coU) known as the 
differential coliform test. 

3. An enumeration of viable bacteria known as the plate cotmt; this is 
done in duplicate, cultivating at 37^ C. and 22*^ C. 

Chemical analyses are sometimes used for judging the quality of water 
supplies. They are not, however, as sensitive as bacterial tests for detecting 
dangerous pollution. 


Collection of Specimens \ 

Specimens are taken in bottles, of c. 230 ml. capacitr, with ground-glass 
stoppers having an overhanging rim; they are stenlisedlby autoclaving, the 
stopper and neck of the bottle being covered over by two layers of kraft 
paper. Alternatively, 6-oz. screw-capped bottles may be' used. These are 
wrapped in kraft paper and sterilised in the autoclave. The opening and 
closing of the bottle in the process of collecting a sample must be carried out 
with meticulous care to avoid any bacterial contamination from an outside 
source. When water is drawn from a tap, the mouth of the tap should be 
flamed, e.g. with a blow-lamp or spirit lamp, and the water allowed to run 
for 5 min. before filling the bottle. In the case of streams, rivers and lakes, 
the stopper should be removed carefully with one hand, apd with the other 
the bottle held at its base should be inserted, mouth downward, a foot below 
the surface of the water; the bottle is then turned so that the mouth is 
directed to the current and water flows into the bottle without coming into 
contact vrith the hand. If there is no current the bottle should be moved 
horizontally, the mouth foremost, so that water flows into it. The bottle 
is then brought to the surface and the stopper is replaced. Care must be 
taken that the stopper is not contaminated during the sampling process. 
This method of sampling avoids the collection of surface water, which may 
contain a good deal of decomposing vegetable matter. 

When a sample is to be obtained from a depth, a bottle weighted with 
lead is used, having two cords attached — one to the neck, the oi^er to the 
stopper; the bottle is lowered to the required depth, and is filled by jex^ng 
out the stopper by means of the attached cord; the bottle is then quickly 
raised to the surface and re-stoppered. 

When 3 hr. or more must elapse before the laboratoiy examination can 
be carried out, the bottles should be kept on ice. Special insulated boxes 
for the purpose can be obtained and are essential where specimens have to 
be transported some distance. 

Neutralisation of Chlorine . — If a sample is taken from a chlorinated water 
supply it is important that any traces of free chlorine should be neutralised 
immediately as otherwise killing of bacteria may proceed in the time elapsing 
before the specimen is examined in the laboratory. A crystal df sodium 
thiosulphate introduced into the sampling bottle prior to sterilisation serves 
to effect neutralisation. 

Immediately before testim, the water sample should be mixed by 
verding the bom 25 times. *riiereaftcr some or the contents are poured off. 
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the stopper is replaced and the bottle is shaken vigorously 25 times with an 
up-and-down movement* 

Presumptive Coliform Coimt (Multiple 
Tube Technique) 

An estimation of the number of coliform bacilli in a water supply is 
usually made by adding varying quantities of the water (from 0-1 ml, to 
50 ml.) to bile ^t lactose peptone water (with an indicator of acidity) con- 
tained in bottles with Durham tubes to show the formation of gas; acid and 
gas formation (a “positive** result) indicates the growth of coliform bacilli* 
In this way it is possible to state the smallest quantity of water containing a 
coliform bacillus and thus to express the degree of contamination with this 
group of organisms. 

This method requires examination by culture of several samples of 
several different quantities of the water so that an average result can be 
stated. It has been shown that if one 50 ml, five 10 ml. and five 1 ml. 
volumes, or five 10 ml, five 1 ml. and five 0*1 ml. volumes are tested, the 
probable number of coliform bacilli in 100 ml. can be computed according 
to the various combinations of positive and negative results, tables compiled 
by McCrady being used for the purpose (p. 964). This is the method 
recommended for routine use. 

Method . — Measured amounts {vide infra) of single and double strength 
modified MacConkey's fluid medium (see p. 781) are sterilised in bottles 
containing a Durham tube for indicating gas production. The size of tbe 
bottle varies with the quantity of medium and water to be added to it. 

With sterile graduated pipettes the following amounts of water are added: 

One 50 ml quantity of water to 50 ml. double strength medium 

Five 10 ml quantities each to 10 ml. double strength medium 

Five 1 ml. „ „ 5 ml single „ „ 

Five 0-1 ml. „ „ 5 ml. „ „ „ 

This range of quantities may be altered according to the likely condition 
of the water examined; thus, the 50 ml quantity is included when testing 
filtered or chlorinated water, and in this case it is unnecessary to examine 
0-1 ml volumes. This amount, ue. 1 ml of the sample diluted 1 in 10 (for 
dilution technique, see p, 968), is tested only when the water supply is 
suspected of being highly contaminated. 

The bottles are incubated at 37® C. and examined after 18-24 hr. Those 
that show acid and sufiicient gas to fill the concavity at the top of the Durham 
tube are considered to be “presumptive positive** as a resmt of the growth 
of coliform bacUU. Any remaining negative bottles are reincubated for 
another 24 hr., and if acid and gas develop they too are regarded as being 
positive. In reporting the results of the presumptive test reference is now 
made to McCrady’s probability tables (pp. 96^966). According to tl^e 
various combinations of positive and negative results obtained the probable 
number of coliform bacilU in 100 ml. of the water can be read. 

According to the older system of notation, these results can be stated 
alternati^y as “coliform bacUlus present in . . . ml.**, the number of ml. 
being 100 &vided by the figure in the last column; thus, if tiie number 
coliform bacilli in 100 ml is 5, the result can be stated as “coliform bacillus 
present in 20 nd.**, 20 ml being the smallest amount of water in which a 
coUform bacillus is likely to be present. 
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Probability Table* (according to McCradj^ 


Quantity of Water 
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Differential Coliform Test 

To ascertdn whether the coliform bacilli detected in the presumptive test 
are EscK colt, the Eijkman test is usually employed. Tto depends on Ae 
ability of Esch. coU to produce gas when growing in bile-salt lactose peptone 
water at 44° C., and the inability of atypicd coliform bacilli to do this. After 
the usual presumptive test, subcultures are made from all the bottles showing 
acid and gas into fresh tubes of single strength MacConkey^s medium. It is 
advisable to heat the tubes to 37° C. in a water-bath before inoculating them. 
They are then incubated at 44° C. and examined after 24 hr. Those yielding 
gas may be regarded as containing Esch, coli and a computation of the number 
in 100 ml. of water can be made as before. This is the ^^confirmed Esch, cott 
count**. 

An alternative medium for use in the Eijkman test is brillicmt green bUe 
broth (p. 782), This was found by Mackenzie et al, (1948) to be superior to 
MacConkey*8 fluid medium for detecting typical coliform bacilli, since the 
brilliant green tends to suppress the growth of anaerobic lactose-formenting 
orgamsms such as Cl, welchii, which otherwise might give false positive 
reactions at 44° C. Positive results in this medium are indicated by gas 
production and turbidity. There is no colour change. 

Two types of atypical coliform bacilli are known to give rise to gas 
production at 44° C. They are Irregular Type II and Irregular T^e VI 
as classifled by Wilson et al. (1935). Unlike typical coliform bacilli these 
types are unable to produce indole at 44° C. Although they rarely occur in 
water supplies in this country, it is advisable when carrying out Eijkman 
tests to inoculate at the same time tubes of peptone water from the positive 
“presumptive** tubes. All tubes are incubated at 44° C. 

The tollowing interpretation of results is given by Mackenzie et al. 

Gas in brilliant green Indole production 

bile broth at 44° C. at 44° C. 


4 

4 

Typical coliform badUi 

4 


1 Irregular Type II 



(Irregular Type VI 


4 

(Other coliform 

— 

— 

( organisms 


It is very important that incubation at 44° C. should be earned out in a 
thermostatically controlled water-bath that docs not deviate more than 
0*5° C. from 44° C. An incubator is not satisfactory. 

For fuller differentiation of the coliform group by means of the methyl-red| 
Voges-Prodcauer, citrate-utilisation and sugar fermentation reactions, refer- 
ence should be made to Chapter 18. 

The Plate Count 

With a sterile graduated pipette place 1 ml. water in a sterile Petri dish 
(4 in. diameter) and add 10 ml. yeast extract agar (see p. 781), mel^ and 
cooled to 50° C. ; mix thoroughly and idlow to sofidify. The agar should be as 
transparent as possible. , 

It the water is suspected of contamination, plate out a rasller ouan^, 
0-1 ml, and in dealing with specimens which may be highly polluted it 
is advisable to a aeries of phte cultures with furmer decreasing <|uantiT 
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ties of the water. Serial dilutions may be made from the sample, €,g, 1 in 10, 
1 in 100, etc., using sterile quarter-strength Ringer^s solution as a diluent. 
In preparing the 1 in 10 dilution, 10 ml. of the well-mixed sample is added 
to 90 ml of Ringeris solution contained in a screw-capped bottle of 120 ml. 
capacity. After thorough mixing, further tenfold dilutions can be prepared 
by transferring 10 ml. of the 1 in 10 dilution to a second bottle of 90 ml 
Ringeris solution and so on. One ml. quantities of each dilution are then 
plated. 

Prepare duplicate plates from each volume or dilution, and incubate one 
at 37° C. for one day and the other at 20°-22° C. for three days. Those 
organisms that grow rapidly at 37° C. are mainly parasitic and are derived 
from excrement contamination, while those growing best at 20°-22° C. 
are the natural saprophytes of water and soil. It is customary in some 
laboratories to extend the incubation period at 37° C. to 48 hr. This is not 
recommended since after two days certain saprophytic bacteria capable of 
growing more slowly at 37° C. may have developed intp visible colonies. 

After incubation, the colonies that have developed in the medium are 
counted using a hand lens, if necessary, to detect small cUonies. Each colony 
may be taken to represent one viable bacterium in the wiginal specimen. 

To facilitate the counting of colonies, to prevent eye-strain and to 
minimise inaccuracies, it is desirable that a special illummated counting box 
and a magnifying glass should be used. A mechanical hand tally counter 
should be used and as each colony is recorded it should be ‘Spotted” by pen 
and ink on the under surface of the plate. If there are large numbers of 
colonies present divide the plate into sections by ruling lightly on the under- 
surface with a grease pencil and count the colonies in each section. If the 
plates prepared from the undiluted water show between 30 and 300 colonies, 
these should be counted. If there are more than 300 colonies and the sample 
has been diluted, then the plates giving counts between 30 and 300 should 
be selected and the other discarded. If all plates show more than 300 
colonies, then the result should be reported as more than 300 multiplied by 
the reciprocal of the highest dilution used; e,g. if the sample was diluted 
1 in 100, the result would be given as “more than 30,000”. Alternatively, 
provided no more than 500 colonies are present, a count of more than 300 
colonies may be made as accurately as possible and the result given as an 
approximate one. Since only a proportion of the bacteria originally present 
in the water are capable of developing under the conditions of the test, the 
total colony count represents the number of organisms per mi. of the sample, 
which have grown at the specified temperature 37° C. or 22° C.) in the 
specified time (ue. one day or three days). The result is expressed briefly 
as the plate count per ml. at 37° C. and 22° C. 

Interpretation of Results 

It must be realised that it is not^ssible to lay down rigid bacteriological 
standards to which all drinking-water supplies should conform. The 
bacteriological flora of water varies widely according to the nature of the 
supply, ue. whether it is derived from a well, river, 1 Ac or reservoir, ^d to 
the climatic conditions prevailing in the gathering grounds. The aim of 
the authorities should be to obtain a thorough knowledge of the topography 
of the catchment area and in the light of this to establish a standard for that 
particular supply, based on regular and frequent bacteriologies examma* 
tions. Any later deviation from that standard should be viewed with 
suspicion. 
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Generally spiking, the j^lts of plate coimts arc by thcmadves of fittte 
value in eatimatmg the hygienic quality of a water supply, though where 
regular observations are made on the same supply, a high count on a par*^ 
ticidar occasion may draw attention to a fault requiring investigation. A 
slight rise in the count of water from a deep well which is normally very 
pure may be the earliest indication that a defect has occurred in the structure 
of the well and is allowing its pollution from outside. The plate count is 
also of value in judging ^e efficacy of water treatment processes and^ in 
indicating whether a particular supply is suitable for use in the preparation 
of food and drink, where a high bacterial content may lead to food spoilage. 

The test for coliform bacilli is of much greater value in assessing the 
quality of a water supply. In interpreting the results, however, the nature 
of the supply must still be taken into account. Heavy rain after a dry spell 
may cause flooding of the countryside carrying soil and vegetation into a 
water supply or give rise to flooding of drains and cess pools with the risk 
of more serious contamination. Bacteriological examinations therefore should 
always be carried out after a sudden climatic change of this kind. 

Chlorinated Supplies. — ^The water supplied to most large cities is 
treated by chlorination. In Report No. 71 Ministry of Herith (1956) it is 
recommended that if tests reveal the presence of coliform bacilli (of any kind) 
in 100 ml. of chlorinated water as it enters the distribution system, the treat- 
ment should be considered inefficient. Since, however, spore-bearing tocilU 
such as CL welchii may survive chlorination and give a positive reaction in the 
presumptive test, it is advisable, before condemning the supply, to confirrn 
the result by plating out all the positive bottles on MacConkey’s agar and 
discarding those that fail to produce pink colonies. 

Nou-chlorinated Piped Supplies.— In the same report it is recom- 
mended that non-chlorinated piped water supplies, sampled on enteri^ the 
distribution system of any community of more than minimal population, 
should be classified as follows: 




Presumptive 
coliform count 
per 100 ml. 

Esch, coh 
count 

per 100 ml. 

Claas 1 
Class 2 i 
Class 3 
Class 4 

Excellent 

Satisfactory 

Suspicious 

Unsatisfactory 

0 

1-3 

4-10 

greater than 10 

0 

0 

0 

0, 1 or more 

. 

« . A 


The presence of Esch. coh immediately places the sample in Class 4. , 


Thus it is considered that the presence of Esch. mb m 100^- 
in a supply of this nature renders it unfit for count is 

other £l a certain degree of Utitude wiA regard 

oermitted since it is difficult to prevent the occasional presence ot aty^ 

Sm oiSi in^Sited ^ter. The foUo^ 

the results of frequent testa are suggested. f_jj ^tween 

of samples shiJk fiOl into Class 1, 80 f 

Class < and the remainder should not M 1^ PTsu^ JS 

or other pure waters that normally ^ 

ZtaSd to 

as it miters fltedistribulion system. ^*'”^^^?<^defect?^ISSSs 
premises there nw? be many sources of contamination {e.g. aeteca viww*. 
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on taps, padking in joints of water pipes, service reservoirs or cisterns may 
all hi^bour coliform orgamsms). If a comparison of the water before and 
after distribution reveals wide differences in the quality, then steps should 
be taken without delay to detect and remove the cause. The W.H.O. (1961) 
have r^mmended certain minimum requirements regarding the frequency 
of testing of water within the distribution system depending on the size of 
population. 

Unpiped Rural Supplies . — In small rural communities where no piped 
water supply is available, a private supply e.g. a shallow weU adequately 
protected from obvious sources of pollution, should be considered adequate 
if the coliform count lies between 10 and 25 per 100 ml. If it fails repeatedly 
to keep within that limit, if it reaches 50 or more per 100 ml. or if Esch. coli 
appears in more than minimal numbers, the supply should be condemned 
for drinking purposes. 

Pollution resulting from Heavy Rain , — It is particidarly advisable to test 
all water supplies at short intervals after heavy rain follows a dry spell, A 
sudden increase in the number of coliform bacilli after rain might indicate 
flooding of the surrounding countryside and the potential danger of water- 
borne disease often associated with flood water. \ 

Examination for Streptococci. — The type 6f str^tococcus indicative 
of faecal pollution is Streptococcus faecalis. This orgWsm grows in the 
medium used for the test for coliform bacilli and by itself ferments the 
lactose but without gas production. Its presence in water can therefore be 
determined by further examination of the contents of the bottles showing 
acid or acid and gas fermentation in the above mentioned test. 

In order to isolate Strept, faecalis from other organisms which may be 
present, several methods have been advocated. The Metropolitan Water 
Board have obtained the most satisfactory results from the use of a medium 
containing sodium azide (Hannay & Norton, 1947). Subcultures from all 
positive bottles in the presumptive coliform test are made into tubes con- 
taining 5 ml. of sterile sodium azide medium (see p. 782). 

The presence of Strept. faecalis is indicated by the production of acid in 
the medium within 18 hr. at an incubation temperature of 45® C. Their 
presence in any tubes which become acid should be confirmed by plating 
out a heavy inoculum on MacConkey’s agar. Strept, faecalis produces 
characteristic minute red colonies. 

The demonstration of Strept, faecalis is of value in confirming the faecal 
origin of coliform bacilli in cases where there may be difficulty in interpreting 
the results of the coliform test 

Examination for Cloetridium welchiL — 50 ml. of water are added 
to 100 ml, of sterile milk (or litmus milk medium^ in a stoppered bottle of 
suitable size. The bottle is then heated at 80® C. for 15 min. to destroy 
non*8poring organisms. Sterile liquid paraffin is run on to the surface of 
the m^um to maintain anaerobiosis* 

The tubes should be incubateJ for at least five days at 37® C., although 
the "stormy dot" reaction which is indicative of the presence of Cl, welchii 
may develop within 24 to 72 hr. If varying quantities of water are examined 
as m the presumptive coliform test, an estimate of the probable number of 
CL mldm in 100 ml. of water can made. 

Although in recently contaminated water CL mldm occurs in much 
smaller numbers jhan Esch, coU, it is able to survive for much longer periods 
the non<*sporing bacteria of ftiecal origin. The chief value of the test 
therefore is in detecring pollution of some previous time or to c^rm the 
faecal origin of atypical coliform bacilli in the absence of Esch, coM, 
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Bacteriological Eaaminatioa of Sewage 
and Sewage Effluents 

The bacteriological examination of sewage may be carried out to detwiiame 
the purity of an effluent from a sewage puniication process. The procedum 
is the same as in water examination; an estimation of the viable bacteria 
present is made by plating and counting colonies, and the test for oriifonn 
bacilli is carried out as with a specimen of water; mudi smaller amounts, 
however, are tested than in the case of water, depending (Hi ^ likely extent 
of ciilution of the effluent The numbers of bacteria per mL in crude sewage 
vary greatly, e.g. from 1 million to 100 million. Sewage may also be ex- 
amined by ^ membrane filter technique (p. 972). 

For isoktion of typhoid-paratyphoid bacilli from communal sewag^ 
either sewer swabs (Moore, 1948) or the membrane filter method (p. 975) is 
used. 


Bacteriological Control dT Swimming Baths 


Public swimming pools and indoor swimming baths may become infected 
with pathogenic organisms derived either from contaminated water entering 
the pool or from the bathers. Unless adequate means of puri^ng the 
water are provided, this contamination may lead to outbreaks <)f disease, 
such as gastro-enteritis, infections of the respiratory tract, otitis media, 
infections of the conjunctiva and the skin. 

Most modern svrimming pools are operated on a system which provide 
a continuous circulation of the water from the bath at the deep end through 
a purification plant where it undergoes filtration, clarification and chlorina- 
tion before entering the pool again at the shallow end. The amount of 
chlorine introduced into the water is accurately measured and coiJtrolled so 
that the free residual amount present in the bath is maintained between 


0-2 and 0-5 p.p.m. (Report, 1951). , r . * i. 

The results of bacteriological examrnatrons of samples of vmtt take® 
from the inlet and outlet of the bath give an indication of toe effectiveness 
of the treatment in maintaining toe water free from uridesirable conturimwts. 
The methods usuaQy employed are those used for testmg samples <m druuung- 
water, viz. an estimation of the number of viable bacteik by toe plate 
at 37° C. and 22“ C and the presumptive test for coliform bacuU followed 
by toe cUfferential tests for Esdt. coU (p. 967). The bactonologicri quality 
of toe water should approximate to that of high punty 
The foUowing standards for water punty were recommraded by tluJWi^ 
Subcommittee of the PubUc Health Latemtory Service (Gmy ^19^. 

“No samples examined from a bath should contam ai^y "“o™ 
isms in 100 nA. of water; and in 75 oer cent, of toe 
the bath the plate count at 37“ C. 1 ml “f, 

10 colonies and in the remainder should not exce^ IW w'„mnoimced 
Amies (1947) maintains that "^ore a swimr^ 

as satisfactory. ^ 

as the main body of the water”, and 

presents evidence to show that oral or na^, bSttHS 

film of fatty substances derived from toe sfan jmd 2 

are prated by it from toe action of the 

8ur4® film may be a contributory factor m the spread of bsctenal arm vm 
diseases by swimming pools. 
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Smmsning pools should be provided with overflow gutters into which 
the polluted film can drain. The method by which the surface fi^ may be 
removed for bacteriologicdi examination involves the use of calcium alginate 
gauze which is commercially available as sterilised surgical dressings measur- 
ing4 X 7 in. and weighing 1*2 g.^ The gauze is laid on the surface of the pool 
so that the layer of water beneath it is absorbed. It has been calculated that 
8*8 g. of water is absorbed in this way. The wetted gauze is then placed in a 
jar containing 50 ml. 10 per cent, aqueous solution of sodium hexameta* 
phosphate in which it readily dissolve, thus liberating the bacteria. (In 
order to neutralise the effect of any residual chlorine, 0*1 ml. of 10 per cent, 
solution of sodium thiosulphate is added to the jar shortly before the sample 
is taken.) 

The number of bacteria which were present in the surface film can be 
estimated by a viable count on the solution in the jar. The Miles and Misra 
tedinique (p. 870) is suitable for this purpose, blood mzx and MacConkey’s 
agar plates being inoculated with standard drops. If necessary the colonies 
which develop can be readily identified. For further derails, reference should 
be made to the original paper. 


THE MEMBRANE FILTER TECHNIQUE FOR iHE BACTERIO- 
LOGICAL EXAMINATION OF WATER AND SEWAGE 

This method is based on the use of a highly porous cellulose membrane, 
the pore structure of which enables fairly large volumes of water or aqueous 
solutions to pass through rapidly under pressure, but prevents the passage 
of any bacteria present in the sample. These are retained on the surface 
of the membrane which is then brought into contact v^th suitable liquid 
nutrients. These diffuse upwards through the pores thereby inducing the 
organisms to grow as surface colonies which can be counted. 

The technique was first described in this country by Windle Taylor et al 
(1953). Since then much investigational work had been done in the labora- 
tories of the Metropolitan Water Board in order to devise modifications 
suitable as standard techniques for the examination of water samples of all 
types, both treated and untreated. (Windle Taylor et 1955 ; Windle Taylor, 
1955-56; 1957-58; 1959-60; 1961-62.) 

Membrane filters may also be used for the isolation of pathogens from 
water and sewage and for the demonstration of tubercle bacilli in cerebro- 
spinal fluid and other fluid specimens including sputa from cases of tuber- 
culous. (Haley & Rosty, 1957.) 

Apparatus 

Various types of filtering apparatus suitable for water and sewage exam- 
ination are now available. A German-made funnel has been used extensively 
by the Metropolitan Water Board* It may be obtained in Britain from 
Hudes Merchandising Corporation.* It is known as the ‘‘Coli 5” model 
and conusts of a funnel of nickel-plated brass of 500 ml* capacity attached 
by means of a bayonet-locking device to the base of the apparatus which 
contains a disk of sintered glass on which the membrane is supported. The 
outlet is provided with a tap and fits into the rubber stopper of a suction jar. 

* Calcium alginate gauze of the required dimensions is obtainable from Medical 
Algmates Ltd., Wadsworth Road, Perivale, Middlesex, England. 

* Hudes Merdiandising Corporation Ltd., 52 Gloucester Flaoe, London, W.L 
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Some of die oAer ty^ of funnel do not have this outlet tap and aie tbnefdce 
jMt M ranvementto hracOe. It ia also an added advantage to have the in^de 
of the ninnel provided with gradiiatioo marks for easy measutement of the 
water sample. 

The special “Coli 5** German-manufactured membranes for use with the 
apparatus d^riM above are paper-thin, porous dirics, 5 cm. in diameter, 
composed of a cellulose derivative which forms the framewotk for a 
gelatinous layer of suitable porosity. They are quite tough and elastic even 
when dry, white in colour and opaque with a glazed surface. TTicy may be 
obtained marked with a grid to sinqilify the counting of the eolonies. British- 
made membranes manufactured by Courtaulds Ltd., and marketed by Oxo 
Ltd., have been found in some ways more satisfactory for the culture of the 
bacteria, though they tend to be bnttle and more readily damaged than the 
German ones. Membranes that have been used for the coliform count may be 
washed in running water, dried between blotting-paper and sterilised for 
further use. This may be done up to twelve times, but damaged membranes 
should always be discarded. 


StenUsaiUm 

The filtering apparatus is assembled without the membrane, wrapped 
in kraft paper and sterilised by autoclaving at 121® C. for IS min. There- 
after, between each test, it is sufficient to apply a jet of live steam, or alter- 
natively a pad of cotton-wool attached to a metal rod, dipped in alcohol and 
Ignited. Both the inner and outer surfaces of the funnel as well as its base 
and the sintered glass disk require to be sterilised in this way. The routine 
examination of large numbers of water samples is facilitated by the use of 
several funnels for each piece of apparatus. While one sample is being 
filtered, the spare funnels for subsequent samples can be sterilised and cooled. 

The membranes may be sterilised by either of two mediods. 

(1) Gentle boiling in prefiltered distilled water on two occasions each of 
20 min. duration. Vigorous boiling tends to make the membranes buckle. 
This method not only sterilises but washes out residual solvents and air 
present in the pores. 

(2) Autoclaving at 115® C. for 10 nun. For this purpose bundles of 10 
membrane filters are interleaved with disks of good quality absorbent paper 
(subsequently to be used for holding the liquid medium). The bunoles 
are secured between two pieces of thin card held in position by adhesive 
tape and the whole is wrapped in kraft paper and sterilised. 


Media for adiure on membrane filters 

1. M- Yeast extract broth {for the enumeration of viable bacteria). 

In order to obtain results comparable with those of the agar plate count for 
all types of water, it is necessary to use nutrient broth of the following 
composition: 

Yeast extract (sec p. 781) . . ‘ 

Peptone 

Disced water ... . . to 1000 

pH « 


2 . ... . ... 
MacConke^s bile-ealt lactose broth is the medium of choice m tins 
country but it has been necessary to modify the oriWnal compositKin fw: 
wth The following formula is found to pve ttie most sattt- 
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factory results, but it is recommended that the optimum proportion of bile 
salts (commercial sodium taurocholate or other satisfactory bik salt) should be 
determined for each new batch obtained (Burman, 1955). 

Peptone 10 g. 

Lactose 30 g. 

Bile salts 4~10 g* (according to quality) 

Sodium chloride (NaCL) . • 5 g. 

Bromocresol purple (1 per cent, alco- 
holic solution) . . 12 ml. 

Water (distilled) ... to 1000 ml. 

pH 74 


Bile salts No. 3 (Oxoid or Bacto) should be used at the lower concentration. 

3. Teej^ 610 phenol red broth (for estimations of coliform bacilli other than 
Esch, coli). Higher numbers of coliform bacilli can be recovered from 
membranes by using phenol red instead of bromocresol purple (which tends to 
be somewhat inhibitory to certain types of coliform bacili|f) and by using 3 per 
cent Teepol 610 instead of bile salts. 


Peptone (Evans) 

Lactose ....... 

Teepol 610 

Sodium chloride (NaCl) 

Phenol red 04 per cent, alkaline solution 

Water (distilled) 

pH 


10 g. 

30 g. 


30 ml. 


5g- 


. 50 ml. 
to 1000 ml. 
74 


4. M»resustication broth (vide infra) 
Peptone .... 
Yeast extract 

Lactose .... 
Water (distilled) . 
pH 


<• 

. 6g. 

• 30 g. 
to 1000 ml. 
. 7-2 


Oxo Ltd. supply media suitable for use with membrane filters. 


Method of Filtration 

After sterilisation, the filtering apparatus is inserted into the suction jar 
attached to the vacuum pump, the outlet tap being closed. The funnel b 
removed, and with sterile forceps one of the membranes is laid, grid-side up, 
on the top of the sintered glass disk. By turning on the pressure and opening 
the tap carefully, the membrane is su^ed down and comes to lie quite Hat 
against the disk. (In order to protect the membrane and hasten filtration, a 
disk of filter paper should be inerted between the supporting glass disk and 
the membrane.) After closing the tap and releasing the pressure, the funnel 
is screwed into ^ce and a suitable amount of the water to be examined is 
poured into it The actual amount depends on the likely degree of pollution. 
If there is <kubt about this, two or more different volumes of the sample 
should be filtered* The following amounts are recommended: 

Purified tap water 250-500 ml 

Well water 10 and 100 ml. 

River water ...... 1 and 10 ml* 

Water which is highly contaminated should be diluted to 1 in lOt 1 hi 
100 and 1 in 1000 and each dilution filtered. Quantities smaller than 20 ml 
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slumld be made up to that amount uith sterile distilled water before being 
passed through the filter. 

When the water has been filtered and a small amount of sterile disriUed 
water allowed to pass through as a fiiud rinse the funnel is removed and the 
vacuum released. The membrane is then transferred with sterile fiat-Uaded 
forceps to a 2-in. Petri dish containing a sterile absorbent pad (Whatman’s 
No. 17 pads 5, or 6 cm. in diameter, are suitable), saturated with about 2 ml. 
of the appropriate liquid medium. The membrane should be placed aa tlw 
moist pad in such a way as to exdude any air bubbles. The Petri dish is 
then inverted mth the pad and membrane adhering to foe base and incubated 
in a moist atmosphere. 

InaAation. For total colony counts at 37° C. incubation for 18 hr. on 
yeast extract broth gives results that are comparable with the agar plate counto 
at that temperature. For colony counts at 22° C. incubation for 3 da}« is 
necessary. All the colonies that develop on the membranes are counted and 
the number of bacteria per ml. of undiluted water may then be calculated. 
For membrane coliform counts, the cultures on 3 per cent. Teepol phenol red 
broth are incubated for 4 hr. at 30° C. followed by 14 hr. at 35° C. The 
num^r of yellow colonies is then counted. These merely rq)resrat lactc^ 
fermenting organisms that may or may not be gas producers. Their identity 
is presumed to be that of coliform bacilli for the purpose of routine water 
examination, but this can be confirmed by foe usual tests (see p. 249) if 
required. 

Windle Taylor states that it is possible to obtrin dire^y an accurate 
count of Esch. colt by first incubating the membrane at 37° C. in contact with a 
pad soaked in M-rcsuscitation broth (vide supra). After 2 hr. at that tempera- 
ture the membrane is transferred to a pad soaked in M-MacConkey broth and 
incubated for 16 hr. at 44° C. The preliminary incubation is foousht to 
encourage the growth of organisms that may have become attenuated as a 
result of the inhibitory action of inorganic salts present in the water supply. 
(Allen, Pasley fit Pierce, 1952). , , . 

For further studies on the Membrane Filter Techmque reference should 
be made to foe reports of the Metropolitan Water Board quoted above. 


Isolati OT of Pathogenic Orgemisms from Water and Sewaj^ 

(a) By TMomhranft Filter Technique.— Relatively large amounts of tl» 
fluid to be tested, i.e. 500 ml. or more, depending on foe amount of suspended 
matter present, can be passed through the membrane filter fairly 
If pathogenic organisms are present, even in small n^bers, they 
retained on the surface of the membrane, and by transfemng it to a suitaWe 
differential medium there is a reasonable chan<» of luting fo^, . . 

For typhoid and paratyphoid bacilh Wilson and Blair a tomi^ 

sulphite medium has been reported as giving satisfactory resute by tJaa 
mrthod. The membrane may be placrf dire^y o^e om nwdmn^ a 
small Petri dish, the proportion of agar hai^been redu<^t^5 
but Kablcr and Clark ( 1952 ) recommend foe use 

pregnated with double-strength liquid »edium (agar omrtt^jQjrj^ 

istic convex black colonies with a paler 

37° C. If discrete, each one is surrounded ^ a 

sheen. Blackening of the medium underneath ^ 

of typhmd colonies In such a cw, it is StSS 

to a t^e or betde of liquid medium such as tctmfoionate broth or eetendie 
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eniidunent medium (p. 763) mibculturing from this after IS to 24 hr. in- 
cubation at 37^ C. on desoxycholate citrate agar. 

In order to isolate intestinal pathogens, other than typhoid and para- 
typhoid bacilli, Kabler and Claris: recommend a preliminary incubation of 
the membrane for 3 hr. in contact udth single-^strength tetrathionate broth 
without chalk before transferring it to a differential medium. Incubation 
of the membrane for 3 hr. on this medium tends to inhibit coliform bacilli and 
enhances the growth of salmoneUae other than Salmonella typki. Character- 
istic colonies may then be recognised and subcultured for the usual con- 
firmatory tests. 

(b) By a Concentration Technique, using a menoibrane filter 
apparatus with pulverised diatomaceous eiuth. — ^The Metropolitan 
Water Board have reported satisfactory results from the use of a modification 
of the method of Hammer8tr6m and Ljutov (1954) and Ljutov (1954) for 
isolating pathogenic intestinal organisms from watei and sewage. The 
technique is so simple and quickly carried out that its use is to be recom- 
mended rather than that mentioned above. Windle Taylor (1955-56). 

A layer of diatomaceous earth (Hyflo Super-Cel) is substituted for the 
membrane at the bottom of the filter funnel, supported 6n a disk of stainless 
steel wire micro-mesh. After setting up the 6tering apparatus with the 
micro-mesh in place, a small amount of sterile distilled water is poured into 
the funnel and to this is added a quantity of 1 per cent, sterile Hyflo Supercel 
suspension to give the required thickness. The pressure is turned on and 
the measured sample poured in before all the sterile water has gone through. 
(Up to 100 litres of water can be filtered in thirty minutes, sewage from 3 to 
10 ml. suitably diluted, and elBuent 50-500 ml.). After all the fluid has 
been sucked through, the wire-mesh support is lifted off with sterile forceps 
and the paste tipped into 100 ml. selenite F medium in a sqrew-capped bottle 
(4 in. in depth by 2 in. in diameter). This is incubated at 42® C. After 18 hr. 
subcultures are made on selective media. 

(Hyflo Super-Cel is a diatomaceous silica filter-aid preparation obtainable 
from Ae Johns-Manville Company Ltd., 20 Albert Embankment, London, 
S.E.11.) 


BACTERIOLOGICAL EXAMINATION OF MILK 

In hygiene work the bacteriological examination of milk generally 
consists of: 

(H An enumeration of viable bacteria present in a given quanti^. 

?2) A quantitative estimation of contamination by coliform bacilli. 

(3) The determination of the presence of specific pathogenic organisms, 
e,g« myco. tubercidosis* 

Since 1936 the methylmte blue reduction test has been used as a standard 
official method in England for gauging milk purity, as a substitute for 
the bacterial count It depends on the reduction and decolouriaation of the 
dye by the bacteria in the milk, and the rate of reduction affords a measure 
of the degree of bacterial contamination. 

As a pheck on the pasteurisation of milk, the phos^ustase test is now a 
standard procedure; it determines the inactivation by heat of the enzyme 
pbospbaitm, which is normally preset in cow’s nulk. Activity of this 
ensynie implies that the milk has not been adequately heated lor the destruc- 
tion of pathogenic organiama present* 
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The turbidity tert is die offidal test for “sterilised” mflt, m. tmUc dut has 
been hated to 212® F- S W® C.) or over for at least 5 miiL (acomhng to tlte 
Scottish r^^ulatioiis 220 -235® F. for a period not exceeding 30 TTbe 

4>akAf i/tAfMSnrl^ QQ 4 ‘Ka 4> k«« xl. 4 P /** s* 


the loat^gukWe proteins are precipitated, so that if ammonium sulphate is 
then added and the mixture filtered and boUed for 5 min. no turbiditv restdta. 
The test also distinguishes between pasteurised and “sterilised” mfik. 

Under the Milk (Special Designation) (Raw Milk) Regulations, 1949 and 
1950, and the Milk (Special Designation) (Pasteurised and Stailised Mitt) 
Regulations, IW and 1950, of England, and the MRk (Special Designatknis) 
(Scotland) Order, 1951, atandard methods for testing have been pre- 
scribed in official memoranda. These should be consulted for full details 
of the methods recommended. 


Bacteriological Standards 

England and Wales 

The following standard has been laid down under the Milk (Special 
Desi^tion) (Raw Milk) Regulations, 1949 and 1950: 

**Tuberctd$n Tested*' milk when tested by the prescribed method must 
not decolourise methylene blue within 4-5 hr. when the sample is tsien from 
1st May to 31st October, and within 5*5 hr. when the sample is taken from 
Ist November to 30th April. 

Under the Milk (Special Designation) (Pasteurised and Sterilised Milk) 
Regulations, 1949 and 1950, "Pasteurised" milk must satisfy the phosphatase 
test (vide w/ra), i.e. when tested under the prescribed conditions die milk 
must give a reading of 2*3 “Lovibond blue units*' or less. A sample of 
pasteurised milk taken on the day of delivery to the consumer must also satisfy 
the prescribed methylene-blue test, ue, it must not reduce methylene blue 
witlun 30 min. after being kept in the laboratory at atmospheric shade 
temperature not exceeding 65® F. till between 9 and 10 a.m. on the day 
following that on which it is taken (vide infra), 

"Sterilised" milk must satisfy the turbidity test described on p. 982. 


Scotland 

The special designations that may be used in Scotland are "Certified"^ 
''Tuberculin Tested", "Pasteurised" and "Steriliseff\ Tte following standards 
have been Irid down under the Milk (Special Designations) (Swtland) 
Order, 1951. (The standards required by the Scottish Milk Regulations arc 
in the process of revision.) ^ , 

"Certified" milk must contain not more than 30,000 bacteria per ml. and 
no coUform bacillus in 0*1 ml. 

"Tuberculin Tested" mdk must contain not more than 200,000 baotena 
per ml. and no coUform bacillus in 0*01 ml. . ^ a. i j 

" Pasteurised" astlk must contain no coliform bacillus m 0*01 ml., and 
must satisfy the phosphatase test as defined on p. 981. 

"SteriUeed" miUt must satisfy the turbidity test referred to on p. 982. 

Sasiipthig«/^If the milk is contained in retail botdes, one 
bottle deliver^ to the laboratory constitutes the samj^e. When the mm 
is in chums it must be carefully mixed is taken. This 

can be done by means erf a slenle fdun 

several tism in tihe milk. The specimen . . . 

(lipper and in a rterfle 4-0*. stoppered or actew^KMd 

S«mpl« the mffli ieevea the cuawdy of the producer dmild he 

3n 
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maintained at atmoi^heric shade temperature for a period^of 9 to 11 hr. 
after the time of milking in the case of morning milk before being examined. 
Milk produced in ihe evening should be held at atmospheric tempmture 
and tested as soon as practicable on the following day. Other samples should 
be tested immediately after arrival in the laboratory. If there should be 
any unavoidable delay in testing, the samples should be kept at a temperature 
of 0®-S® C.; no sam^e shall be kept for longer than 24 hr. 

TcNclmiiiue of ^timating tte Number tit ViaMe BacteriiU'^The 
medium recommended in the Scottish r^ulations is yeast extract milk agar 
(see p. 781). 

A series of dilutions of the milk sample is made up in sterile stoppered 
bottles with sterile tap water as follows: 


1 in 10 . 90 ml. water plus 10 ml. milk 

1 in 100 . 90 ml. „ „ 10 ml. of the 1 in 10 dilution 

1 in 1000 . 90 ml. „ „ 10 ml. of the 1 in 100 dilution 

Before these dilutions are made, the specimen should oe carefully mixed by 
inverting the sample bottle about 25 times. The dilutioiU must also be mixed, 
but without vigorous shaking. The pipettes used should oe straight-sided and 
appropriately graduated. For each dilution a separate a^terile pipette should 
be used. 

For testing certified milk under the Scottish regulations 1 ml. of the 
1 in 100 dilution is plated, duplicate or preferably triplicate plato being 
made; in examining tuberculin tested miUc 1 ml. of the 1 1000 dilution is 

plated as above. The diluted milk is placed with a sterile pipette in a sterile 
Petri dish (4 in. diameter) and 10 ml. of melted agar cooled to 50® C. is 
added and mixed with the milk by rotating the plate carefully first to the 
right, then to the left, so that the organisms are uniformly distributed 
t£oughout the agar. ... 

The time between the preparation of the dilutions and the mixmg with 
the medium should not exceed 15 min. 

After the medium has solidified, the plates arc incubated in the inverted 
position for 2 days at 37® C. 

The number of colonies is counted in each plate and the meim calculated; 
this multiplied by the dilution is reported as the “number of viable bacteria 
per ml.”. The count is made as described on p. 968. If Ac number of 
colonics in a plate is over 300, a count may be made of those in a given part 
of Ae plate and Ae total is Aen calculated; but it is advisable in examining 
a milk of unknown quali^ to plate 1 ml. of each dilution {vide supra) and use 
for Ae count those showing 30 to 300 colonies. 

Under Ac most favourable conditions a specimen of raw milk may con- 
tain at least 500 bacteria per ml.; but under bad conditions Ac numbw may 
reach even several million per ml. The standards given on p* 977 Adicate 
the degtee of bacterial contamination allowable in Ac case of designated muka* 

Teat for Ckdifoitii BBciiU*-*-Virymg amounts of nulk are added to tubes 
or bottles of bile-salt lactose medium (p. 781). The ra^ge of amoun^ that 
require to be tested depends on the Kkmy degree of contammation* In the 
case of milk of unJmown quality Ae following seriea is suggested: 


1*0 ml. of a 1 in 10 
„ „ 1 in 100 

„ 1 A 1000 
„ 1 A 10,000 




d0ution of the mOk 

t* If 


Hie deamel dOutkow s» prepend in eeiiee (tndr 
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'I%e sm^leM amowt that yields sad and gas is ascertained. 

. . ^ ^tt«sh renilations, for certfflei imlk three tubes or botdbs 

contain^ w i^of the above medium are moculated (by (rf a sbnile 
^ 1 in 10 dilution of sample and iiiffubst<>d 

at 37 C. for I'S hr. For the other designated milks, three tubes are tnoculattsd 
each with 1 ml. of the 1 in 100 dilution. The tubes are *>ir«niiTi.wl for add 
and gas production; the milk is taken to have passed the test if add and 
gas are absent from two of the three tubes. 

Medi]d»e Um Reduction Test-Standard methylene blue tablets 
must be used. (The names of manufacturers who supply such tablets are 
furnished by the M^s^ of Health.) A standard solution is prepared as 
follows: one tablet is dissolved in 200 ml. cold sterile glass-distilled water 
in a sterile flask with a rubber stopper. The solution is then made up to 
800 ml. with distilled water and stored in a cool, dark place. This solution 
gives a final concentration of methylene blue of approximately 1/300,000, 
and should not be used after two months. 

Test-tubes conforming to the British Standards Specification 152/16 
(6x| in.) with an internal diameter of 13*5 mm. (approx.) and a mark 
indicating 10 ml. are used. They are stoppered with cotton- wool or alum- 
inium caps and sterilised in a hot air oven (160® C.-— 2 hr.). Rubber stoppers 
to fit the tubes are also required. These are sterilised in boiling water 
before use. 

A thermostatically controlled, covered water-bath, with a rack to hold the 
tubes inunersed in the water, is required; the water should be at 37®-38® C. 

1-ml. straight-sided pipettes are used for measuring the methylene blue 
solution (these should conform to a prescribed specification). They are 
sterilised in the hot air oven. 

The sample is mixed thoroughly, as prior to making the bacterial count 
{pide $upra). 

The milk is poured, vnih the usual aseptic precautions, into a test-tube 
up to the 10 ml. mark, and 1 ml. of methylene blue solution is carefully 
added. The tube is closed with a sterile rubber stopper which should be 
inserted with sterile forceps. It is then inverted slowly once or twice and 
placed in the water-bath. 

The following controls should be put up: (1) 10 mL mixed milk pbts 
1 ml. meriiylene blue solution, (2) 10 ml. mixed miUc plus 1 ml. tap water. 
These control tubes are place for 3 min. in boiling water to destroy the 
natural reducing system of the milk. Comparison with (1) indicates Whoi 
decolourisatton is ^ginning and with (2) when it is compl^. 

The tubes are examined every halNhour, and if no change has occurred 
on each occasion they are inverted once. 

Decolourisation is considered complete when the whole column of milk 
is decolourised or decolourised up to within 5 mm. of the surface. Hie tmie 
of complete decolourisation is recorded if within the prescribed period 
(standards given on p. 977). 


BmlioiiEle of llie Various Bacteriologkml Tests 
used for die Examinattou of Milk 

Whichever test is udopUid for the routine examination cf xrift k riiould 
be capable of tiie degree of bacterial contamuiation and fherrisy 

of shying whether^ eoni^ns under which the milk is produced and 
bandied are faj^enically aatisfsi^tH^. 
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The advantage of the plate count for this purpoae is that/t gives a direct 
assessment of w number of viable bacteria in the supply* The results are 
readily understood by the dairyman, and since it is as suitable for milk of 
low bacterial content as for giossly contaminated sujppiies, it will indicate 
any changes in conditions of production leading to eitiier an improvement 
or deterioration in quality. On the other hand, the plate count test is costly 
in time and material, the results are not avaikble for 48 hr. and owing to 
the fact that a very small amount of milk is tested and that some of the 
bacteria are distributed in small clumps and chains, the error of sampling 
is high. 

The coliform test is usually carried out in conjunction with the plate 
count. It indicates mainly the degree of contamination by coliform organisms 
arising from dust or unsterile utensUs. Since adequate pasteurisation destroys 
the majority of coliform bacilli, the presence of these in milk that passes the 
phosphatase test is an indication of contamination after pasteurisation. 

The methylene blue test is simple to carry out anfl require a minimum 
of equipment. In general, the greater the number oft bacteria in the milk, 
the greater their metabolic activity and consequently tne shorter the reduc- 
tion time. \ 

However, milk heavily contaminated with inert bacteria may give a long 
reduction time, while short reduction times may be 'the result of non- 
bacterial reducing systems which are sometimes present in freshly produced 
milk, milk obtained late in the lactation period and milk containing leucocytes 
or other cells. 

The time required to reduce the dye is also dependent on the temper- 
ature at which the milk is held prior to testing; thus, in the winter, milk 
gives a longer reduction time than it would in the summer, with the s^e 
bacterial content. Allowance is made for this in the higher standard required 
in the winter time by the English regulations. 

It is difficult to compare high-quality milks by means of the standard 
methylene blue test, since the reduction time is very long for all of them, 
but the test will readily detect milk of poor hygienic quality. With pasteurised 
milk^ provided the milk is kept for at least 24 hr. at a temperature not exceed- 
ing 65® F. (18® C.) before being tested, the correlation be^een the reduction 
time at 37® C. and the degree of bacterial contamination is fairly good. The 
test is of no value for freshly pasteurised milk. 

The Resazurin Test This test which is also a dye reduction test is some- 
time used to determine the hygienic quality of a inilk supply. One ml. of a 
standard solution of resazurin is added to 10 ml. of the weU-mixed sample in a 
sterile test-tube which is then fitted with a sterile rubber stopper and placed in 
a water bath at 37®-5 C. Unlike methylene blue, the dye resazurin passes 
through a series of colour changes: blue, lilac, mauve, pink mauve, mauve 
pink, pink before it is finally reduced to the colourless state by bacterial action; 
thus a reading may be made at any q^cified time after the test has been set up 
a n d the ^nilV graded according to the amount of reduction that has taken 
place. A set of colour standards are used in a Lovibond comparator 
which ffie colour of the dye and milk mixture may be matched and the 
amount of reduction measured. Altenatively, the result may be expressed 
as the time required for complete reduction of the dye. 

The Ten Minute Resazurin Test is used as a ‘^platform t^ 
creameries to detect unsatisfactory mfflt supplies as they ^ve* Umer 
modifications of die test are used for special purposes, e.j. the Ten^pOTture- 
Ccnnpeiisated Remzurin Test is used to om*set the eroct <rf variation* 
atmo^faeric temperature on the metabolic activity of the bacteria pnor to 
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teMng the milk. The time of incubation varies, according to the mean 
atmospheric shade temperature, from 120 min. to 15 min. for a temperatiim 

^ ^ (+ -IS-SO C.) (For further detaik see 

Chalmers, 1962.) ' 


Phosphatase Test for Pasteurised Milk 

This^ test determines inactivation of the eneyme phosphatase, normally 
present in cow’s milk, by such degree and time of heating as to destroy non* 
spoimg paAo^mc organisms, e.g. 145° F. (62-8° C.) for 30 min. or 161° F. 
(71*6 C.) for 15 sec., as in the recognised methods of pasteurisation. The 
standard method for detecting the presence of the enzyme is based on its 
abiUty to liberate phenol from disodium phenyl-phosphate, the phenol being 
estimated colorimetrically with Folin and Ciocalteu’s reagent which yields a 
blue coloration, and the result is expressed in arbitrary units; deep blue, 
i,e* over 6 units, indicates a large amount of phenol; pale blue, t.e. under 
2*3 units, a small amount. 

Reagents Required: 

(1) Buffer substrate tablets (disodium phenyl-phosphate and sodium 
barbitone) (British Drug Houses, Ltd.): dissolve one tablet in 50 ml. boiling 
distilled water, boil for 1 min. and cool rapidly. This solution must be freshly 
prepared. 

(2) Folin and Ciocalteu’s phenol reagent (BDH). This solution is diluted 
^vith twice its volume of sodium hex^etaphosphate solution 5 per cent w/v. 

(3) Fourteen per cent, aqueous solution (w/v) of pure anhydrous sodium 
carbonate (Analar, BDH). 

(a) Method , — ^To 10 ml. of the buffer substrate solution in a 25-^mL 
stoppered test-tube marked at 10 ml. {e,g, as used for methylene blue reduc- 
tion tests), add 0*5 ml. of the well-mixed milk and mix thoroughly. Add 
3 drops of chloroform, stopper the tube, and incubate for 24±2 hr. at 
37°~38° C. At the end of this time, cool, add 4*5 ml. of the diluted Folin- 
Ciocalteu reagent, mix, allow to stand for 3 min. and filter, using a Whatman 
filter paper No. 40 (or No. 30), To 10 ml. of the filtrate add 2 ml of die 
sodium carbonate solution, mix, place the tube in a boiling water-bath (kept 
boiling) for 2 min* Compare the colour in a Lovibond comparator with tte 
series of colour standards (on the appropriate ’^phosphatase” disk), each of 
which represents a given unitage: 6, 2-3, 1-S and O’S. 

(b) Coniroh . — ^The test on each milk sample should be made in duplicate, 
and the following control must be included along with each set of tests: 
a “blimk” in which the reagents only, without milk, arc tested as above. 
Milk sample are also kept in the refrigerator for 24 hr. after the tests have 
been put up, and if a sample has given a reac^g of over 2*3 units {vide 
then the test is repeated but omitting meubatkm. 

(c) Interpretatitm.—The ’’blank” should give a reading of not more 
than 0*5 Lovibond blue units, and the control test omitting incubatiah not 
more than 1*5 units. With such control results, milks that give reading 
of 2*3 Lovibond blue units or less are classified as ’’properly pasteurised^% 
01 ’giving a negative phosphatase test”; those gtvii^ readings ^^tween 
2*4 and ^ units are dtawimed as ’’improperly pasteurised ; wink those 
milks widi a reading of more than 6*0 units shouhl be reported as 
undeipasteuriaed”. 
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Where possible the, milk should be tested within 18 hr. o( pastetirisation. 
The test is extremely sensttive, and great care is necessary in the cleaning 
of all glassware^ udikh should be placed in glass^deaning solution and kept 
apart from phenol^ntaining substances, lysol and coal-tar soaps* The 
rubber stoppers must be tested for phenoUc impurities before use. Care 
must be taken not contaminate pipettes with saliva, and a separate pipette 
must be used for each sample. 

The TufhidlQr Test mr Sterilised Milk. — ^Add 20 ml. of the well- 
mixed milk to a 50-mL conical flask containing 4 gm. ammonium sulphate 
(AR). Shake thoroughly for 3 min. to dissolve all the ammonium sulphate. 
Allow to stand for 5 min. and then filter into a test-tube through a Whatman 
No. 12 folded filter paper (12*5 cm. in diameter). Collect at least 5 ml. of 
clear filtrate and place the tube in a beaker of boding water for 5 min. Cool 
in cold water and examine the tube for turbidity, holding it in front of an 
electric light suitably shaded from the eyes. It is advisable to compare it 
with a tube of milk heated in a boiling water bath pr 20 min. and then 
treated with ammonium sulphate in the same way. 

An absence of turbidity indicates that the milk has been heated to at least 
212® F. (100® C.) for a period of at least 5 min., which denatures the soluble 
proteins in the milk so ^at they can no longer be precipitated by ammonium 
sulphate. The test will detect the presence of 0*6 to 0*8 per cent, raw milk, 
but owing to the heat resistance of some sporing organisms it gives no indica- 
tion of the probable keeping quality of the ^‘Sterilised” milk. 

Examinatloii for Tubercle Bacillus. — The sample is thoroughly mixed 
and a quantity of 100 ml. is divided into 50 ml. amounts and centrifuged for 
30 min. at a minimum speed of 3000 r.p.m. The sediment in each tube is 
suspended in 2*5 ml. of sterile saline solution. It is advisable to add some of 
the cream to this inoculum. Two guinea-pigs are injected subcutaneously 
on the inner side of one thigh with the suspended sediihent and kept under 
observation to ascertain whether tuberculous lesions result (p. 195). One 
guinea-p^ is killed at the end of four weeks and an autopsy carried out; if it 
shows no tuberculous lesions, the other animal is kept for eight weeks, when 
it is kUled and examined. 

Lesions should be examined microscopically for the tubercle bacillus to 
confirm their tuberculous nature. (It has been shown that Br. abortus^ which 
may occur in cow’s milk, produces tubercle-like lesions in guinea-pigs.) 
It is advisable to inoculate at least two animals from one specimen, as in- 
oculated guinea-pigs may die sometimes from infection with other organisms 
present in the m^, e.g. sporing anaerobic bacilli, or some intercurrent disease 
— pneumonia, enteritis, etc. — may also cause death before tuberculous 
lesions have developed and so nullify the test if only one animal is injected. 

A direct microscopic examination of the deposit of centrifuged milk for 
tuberde bacilli may made. 

The absence of tubercle bacalliJn fiiims, however, does not exdude their 
presence in the imedmen. On the other hand add-fast badlli other than 
tte tuberde badlU may be revealed. The microscopic test, therefore, is not 
a valid method of demonstrating tubercle bacilli. 

The method of cMvatUm described on p. 202 can very suitably 
be applied to untntxed milk taken directlv from me cow, but the animal 
inocubtion test is the standard procedure for demonatrating tuberde bacilli 
in tnsOc samples generally. 

SsuiiMtim fisr BracdOn lirfa^tton in MSUl— I n infected ctm th^ 
brwedBa organisms tend to localke in the udder and to be eameted in the 
They may be isolated by plating out thiddy several loopfuls of cream 
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directly from the top of the milk on to the surface of platee of 

containing various antibiotics to inhibit contaminamts ^8«se 
p, 765), Alternatively, the milk may be centrifuged for 15 min- at 1000 
The nuft from below the cream is removed for the Whey Agglutination Test 
{vm mjra) and the sedjment mixed with some of the cream is plated mit on 
the ^lectivc medium. One ml. of the cream and sediment mixture may also 
be inoculated in^aimiscularly into 2 guinea-pigs. AdPter 6 wee^ both 
animals are killed. Blood is r^oved to provide serum for agglutination 
teste with Br* €a)Oftm suspension. This may give evidence of infection 
\^mout the need to mlate the organism. The spleen is cut in two aseptic- 
alty and the cut surface rubbed over a plate of serum dextrose agar. In 
infected animals the spleen is often considerably enlarged. Care should be 
exercised in han^ng the guinea-pigs at post-mortem since faulty technique 
may readily lead to accidental infection. Inoculated plates are incubated 
at 37® C. in an atmosphere of 10 per cent. COg for at least 5 days. Colonics 
with the characteristics of brucella organisms should be subcultured on 
serum dextrose agar slopes and identified by the appropriate means (see 
p. 28 IJ. A slide agglutination test with standard brucella antiserum may be 
carried out in the first instance to identify the colonies as those of brucella 
organisms. 

Brucella Ring Test . — ^This test depends on the fact that the milk of cows 
suffering from brucella infection of the mammary gland may contain 
brucella agglutinins. On the addition of a concentrated suspension of Br. 
abortus stained with haematoxylin the bacteria are agglutinated by the anti- 
bodies and rise up with the fat globules to form a deep blue ring in the cream 
layer. The test is very sensitive and may be applied to bulk milk of individual 
herds since a positive milk continues to give a blue ring reaction even when 
highly diluted with negative milk from non-infected cows. Care must be 
taken in interpreting a positive result, however, since the milk of anims^ 
immunised against brucellosis when adult may give a positive ring reaction 
for 2 years or more. On the other hand vaccination of calves during the 6th 
to 8th month does not interfere with this test although conferring a high 
degree of immunity to infection for several years. 

The technique is as follows: 

(1) Mix the milk thoroughly and i^ur into a 3 x { in. test-tube suflSicient 
to give a column of milk about 1 in. lugh. (2) Add 1 drop of stoned antig^ 
(viSe infra) and mix thoroughly by shaking. Avoid frothmg which interferes 
with the reading of the test (3) Incubate in a 37® C. water-bath for about 
40-50 niin.| f.e. sufficient time for the cream to rise. 

The stamed antigen^ is prepared as follows:*— Make a concentrated 
suspension of Br* aborists by washing off mass cultures of a smooth aembic 
strain with 0*5 per cent, phenol in saline; heat at 60® C. for 30 min. in a 
water-^telii; wash the cells and pack by centrifuging; stain with haematoxjdin 
diluted 1 in 5 (Ehrlich’s or Delafield’s) for 5 min.; 10 ml. of packed Cftjk 
tequire 1200 mL of diluted stain; finally suspend the washedi^ncd odUbaa a 
4 per cent, simpension in equal parts of glycerol and phend-aaliiie* 

In milk oontaininir brucella agdutininins the bacteria are ^[ghitinated ^ 
rise vnuh tihe cream, forming a blue cream line leavmg the 
In siifnpl^ in which there are no agglutinins there is a white cream line ahd 
the mat ^ tiie remaina l^e. 

» Mbiirtrv of Agriculture, Pisharim ^ Food 

*«ai7 ladtemtety, Na# Haw, Waybridge, Surrey. 




ftM* MEDICAL MtCROBIOLdOr 

Tht results may be interpreted thus: « 

Positive {-f -f -f ). Cream layer forms a deep blue ring on top of a com- 
pletely white column of milk. This indicates a high concentration 
of agglutinins. 

Positive (+4*). Cream layer deeply coloured and milk column slightly 
blue. 

Doubtful or weak positive (-f ). The cream layer has a definite blue 
ring but the column of mUk is distinctly blue. 

Negative (±). The cream layer is the same colour or slightly more 
coloured than the milk column. 

Negative ( — ). The cream layer is white and the milk column blue. 

Whey Agglutination Test . — ^This is usually applied to the milk of 
individual cows. Since it is not considered to be influenced greatly by 
previous vaccination of the animals it is often used to confirm a positive 
Brucella Ring Test. I 

A few drops of cheese-making rennet are added tp 10 ml. skim milk. 
The tube is incubated for 30 min. at ZT C. to hasten me coagulation of the 
casein and the liberation of the water-clear whey, Amlutination tests are 
carried out on the whey in the usual manner using^ standard brucella 
suspension. A titre of 1 in 10 or more is considered diagnostic of udder 
infection. 

Otiher Pathogens in Milk. — ^The methods for demonstrating lyphoid- 
paratyphoid bacilu and other pathogens correspond to those used for isolating 
those organisms from other infected material. The sediment after centri- 
fugation is plated out on the appropriate media and some of the milk added 
to tubes of selective or enrichment broth. For the methods of identifying 
the organisms isolated by these means reference should be made to the 
relevant chapters dealing with the organisms being lookea for. 


BACTERIOLOGICAL EXAMINATION OF ICE-CREAM 

The general principles and methods applicable to milk can be adopted 
for the bacteriological examination of ice-cream. This subject has been 
reported on by the Public Health Laboratory Service Staff of the Medical 
Research Council (GiUespie et al., 1947, 1948, 1949, 1950). 

In a circular (No. 69/47) issued by the Ministry of Health with reference 
to the Ice-Cream (Heat Treatment, etc.) Regulations of 1947, attention is 
drawn to a form of the methylene blue reduction test for grading ice-cream 
from the hygienic standpoint. This is described in the first of the above 
reports. 

The test should be commenced at 5 p.m. on the day on which the sample 
is taken. With a graduated pipetf^ 7 ml. of one<«quarter strength Ringer’s 
solution ate added to the reduction tube, as used for milk (p. 979), and 1 ml- 
of standard methylene blue solution; the sample is then added up to the 
10 ml. mark (t.e. 2 mL and constituting a 1 in 5 dilution). With precautions 
to av<^ haderial contamination the tube is closed with a sterile rubber 
stomier wd inverted once. The tube is placed an a water-bath at 20"^^ C. 
unof 10 sum. on the following day. It is then placed in a water-batli at 37^ C. 
and inverted once every hall^hour until decoburisatbn is con^kte, ss corn* 
pared with the oohtnd, the tiiM for decolourisation being recorded. This 
isontnA connrti of « tidye to wiuch ate added 8 sil. one-quarter ettenw 
Ringer’* adhition, and ice-aeam to the 10 ml* mark, and incubated *t 20" C. 
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and 37® C. m in ^ actual teat. A methylene blue control diould dao be 
included as m milk teatmg ( 9 . 0 .). 

According to the ^ taken at 37® C. for complete decotouriaatwn ijm 
sample is graded provisionally as follows: 

Grade 1 . over 4 hours 
Grade 2 . 2^ to 4 hours 
Grade 3. § to 2 hours. 

Grade 4. Decolourised at time of removal from die 20® C. bath. 

In the Mi^try of Health Circular it U suggested that if ice-cream 
consistently faik to reach grades 1 and 2 , it 'would be reasonable to regard 
this as indicating defects of manufacture or handling vdiich for in- 
vestigation. 

The Department of Health for Scotland in a Circular No. 43/1948 
advises the use of the plate count and the test for coliform bacilli in the 
bacteriological exaniination of ice-cream. Although no test is conndered 
to be sufficiently valid as a statutory test, it is suggested that a bacterial coimt 
of more than 100,000 per g, and the presence of coliform bacilli in 0*01 g. 
would indicate faults in the manufacture and hanHlifig of ice-cream. 


BACTERIOLOGICAL EXAMINATION OF SHELL-FISH 

The method used by Bigger (1934) for examining mussels is recom- 
mended with a few slight modiiications. It may also be adapted to the exam- 
ination of all types of shellfish including other bivalves such as oysters and 
univalves such as winkles and cockles. 

Bigger’s procedure for preparing the mussel emulsion is as follows: 

(1) Ten mussels of average size are selected. 

(2) These are washed wim ninnii^ tap water, using a boiled nail brush. 

(3) One is grasped with sterile ovum forceps, rinsed under the tap and 
then wiSi sterile water. 

(4) It is placed on a piece of sterile parchment paper in which it is 
grasped with the left hand. The shell is held with the flat edge towards 
the body, the anterior (pointed) end to the left and the left valve of 
the shell upwards. 

(5) A Mnnll portion of the shell at the broad (posterior) end is nibbled 
away with a sterile nibbling forceps, and through the opening tlw 
blade of a sterile scalpel is inserted. With this the posterior ad&ctor 
muscle and the other attachments of the mussel to the left vslve are 
cut, and, holffing them with the paper interposed between them and 
the hanH*, rile two valves of the shell are separated and the left com 
removed. 

(6) All the fluid in the shell is poured off and, with the help of the Bcal^ 

the body is transferred to a small beaker provided with a gradtiatiao 
at the 25 mL level. , , , . 

(7) The body of rite mussel in the beaker is thoroug^ily minced wirii a 
sterile pair of scissors. Sterile saline is added up to^the 25 mL mark 
and twbtvd riforaugUy with the minced body, the scissors being used 
for tiiis purpose. 

It him found adidadWe to include the shell flbid in the tert and to 
““ke rius vdlume to 25 ml with sterile water instead of saline in ordw 
tocourwwact tlie high salt content already presmit. 
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Varying amounts* via* 0-5, 0-1 and 0-02 ml. of t^e mincedjmussel emulsion 
are then added to tubes of bile-salt lactose medium (p. 781). The foUovdng 
technique is suggested: 

Add 25 ml. sterile water to the beaker ocmtaining the 25 ml. minced 
mussel emulsion, thus making a dilution of 1 in 2. With a sterUe pipette, 
1 ml. of this dilution is added to 10 ml. of bile-salt lactose medium; 2 ml! 
of the dilution are next transferred with the same pipette to 8 nd. sterile 
water in a test-tube giving a second dilution of 1 in 10. Using a fresh sterile 
pipette, 1 xnl. of the 1 in 10 dilution is added to a second tube of bile salt 
lactose medium and 0*2 ml. of the same dilution to a third tube of the medium. 
For greater accuracy duplicate tubes of bile-salt lactose medium are recom> 
mended for each dilution. This procedure is repeated with each mussel 
and the cultures are incubated at 37® C. for 24 hr. when they are examined 
for acid and gas production. An additional reading is made after a further 
24 hr. When two tubes of medium are employed for each dilution, results 
are reported as positive only when acid and gas are produced in both tubes. 

It has been found advantageous to use £ijkman*s mt (p. 967) to confirm 
the presence of ^ical or *Taecar* coliform bacilli. Sul^ltures are made 
from each ‘‘positive** tube into fresh tubes of bile-salt l^ose medium and are 
incubated at 44® C. The development of gas at this temperature within 
24 hr. is considered to be evidence of the presence of Es)ch. colL 

Interpretation of Results , — ^According to Bigger's suggested standard, a 
batch of mussels should be considered undesirably contaminated if more 
than seven out of the ten tested have coliform bacdli in 0*5 ml. of minced 
mussel emulsion or more than three in 0*1 ml., or more than one in 0*02 ml. 

Consignments of shellfish should not be condemned on the result of one 
examination alone, but only on a series of results combined with what is 
known of the condition of the source of the supply a^d the methods of 
treatment and handling after harvesting. 


BACTERIOLOGT OF CANNED FOOD 

Deleterious changes in canned food known as “spoilage** may be brought 
about through the development of microorganisms. These may be present 
in the food either as a result of their resistance to the heatir^ process or 
through being introduced after processing through defects^in the structure 
of the can. 

Heat-resistant organisms and the types of spoilage caused by them vary 
accor(hng to the nature of the food they infect. Foods preserved by cannii^ 
can be mvided broadly into two groups: (a) medium, low and non-acid 
foods with pH above 4*5, including meat, fish, vegetables, soup, milk and 
starch foods; (b) high add foods with pH of less than 4*5. The border-line 
of pH 4*5 has b^ chosen becau^ spores of the most heat-resistant of the 
fooa poisoning organisms, viz. Chsindium botuUmm^ will not germinate in 
conditims of addity higher than this. For this reason it is not usual to heat 
the foods in group {b) above 100® C., which is sufficient to destroy all vege- 
tative forms. Pressure heatingm the other handis necessary to render safe 
aU foods with pH above 4*5. The actual amount of heating employed varies 
with the food to be processed and is determined by caiefol hmoratory tests 
outied out by specialists in the csnnii^ industry, the main consideratioiw 
being that slthough it should be sufficient to destroy i^pores of psthogeiuc 
organisms in the centre of the contmits it should not be so geest ss to met 
the appearance and palatability of the food in questioUt 
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'Hie nunmum degree of heat necessary to destroy the spores of Ciao* 
tridtUM hotukfWM tnay not be adequate to sterilise completely the food ^^*>4 
where extremely heat-resistant spores remain, and the temperature of atoinge 
is such that germination and growth of the organisms can take place, spoQaise 
will occur . ^ ® 

Organisms that bring about spoilage of food as a result of their heat- 
resistan^M are aerobic and anaerobic spore formers of the genera BiteStus and 
Chstr^um. M^y we thermophiUe, having an optimum temperature for 
growth of 55 C. but have the abili^ to grow slowly at temperatures conrider- 
ably h^ow thw. The t 3 rpe of spoilage gives an indication of the organisms 
responsible. The following are the main types of spoilage that may occur 
in group (a) foods. 

A. Saccharolytic Spoilage 

1. Acid without gas, known as “flat sour” spoilage, produced by certain 
species of the genus Bacillus^ e.g. B. megaterium. 

2. Acid with gas production sufficient to cause “swelling” of the can, 
“Hard Swell”, due to saccharolytic species of the genus Clostridium, e.g. 
Cl mtdHfermentans. 

3. Slight add production with hydrogen sulphide. No “swelling” occurs 
since the gas is soluble, but the contents become dark in colour. The 
organism usually responsible is Clostridium nigrtficans, 

B. Putrefactive Spoilage 

Digestion of the food with gas production results from the growth of 
putremetive spedes of the genus Clostridium, e.g. Clostridium botminum and 
Clostridium s^ogenes. 

Spoilage of add foods of group (5) is brought about by add tolerant 
bacteria and occasionally by yeasts and moulds, which survive the short 
periods of heating at temperatures below 100^ C. The bacteria responsible 
mdude sporing aerobes and anaerobes as well as non-sporing spedes, all 
capable of developing in high concentrations of add. Gas may or may not 
be produced. Examples are Bacillus thermoaddurans, Clostri£um pasteuri^ 
mum, LactobaciOus fyeopersid and Leuconostoc. 

Cmtammaikm after Processmg 

Microorg ani s ms may enter leaking cans and infect the food aftes pto- 
cessing. They may indude a variety of sporing and non-sporing bacteria, 
often derived ttom the water used for cooliiig the cwis. If pathogenic organ- 
isms gain entrance in thift way, cases of food poisoning will r^ult. Staphylo- 
cocci and organisma of the genus Salmonella have occasionally hew in- 
criminated in food poisoning outbreaks due to canned food, probably 
contaminated in this way. 


Teckniquefor emmmng Casmod Food 

Toterttt»«»iflity<rfc«iiicdfood, and where haw occaw^ « 

Ac food » aiMpeeted of cauamg food poaoning, tte foflo^ f 
baaed on tibitt of Toniwr ( 1944 ), i» recommended the odatiOB of the 

ilrei** wafol* apoOege duoui^ “awelHng” it io 
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advisable to stimulate the multipUcation of heat-resistant organisms which 
may be present inonly small numbers, and probably in a **dormant” condition, 
by incubating it, before opening, at 37^ C. for at least one week for mesophilic 
and 55^ C» for thermophilic organisms. Add foods should be incubated 
at 25^ C. for ten days. 

Before being opened the can is carefully examined for physical defects, 
pardcularly round the seams. Any signs of “swelling*^ are not^, and where 
rustiness or dents have occurred these are scrutinised for pin holes. After 
examination the can is scrubbed with soap and water and rinsed with alcohol 
or ether to remove the grease. The area where an opening is to be made 
is then sterilised by flaming or by treatment with 70 per cent, alcohol. If 
heat is applied it diould be carefully distributed in such a way as to avoid 
overheating the contents, which may then spurt out when the can is opened. 
If the can is swollen, it is advisable not to sterilise by heating but rather by 
the use of alcohol. The point of a sterile opener is then inserted into the 
sterilised area and an opening is cut sufficiently large to enable a portion of 
the food to be withdrawn in die following aseptic maimer: 

Liquid food is withdrawn with a sterile pipette or an untapered glass 
tube and inoculated directly into the culture medium. \ 15-20 ml. should be 
tested in this way. Solid food is sampled with a modified cork borer, 10 in. 
long and f in. in diameter, having a rod inserted to expd the contents. The 
sample should include food from the centre of the contents, where heat- 
resistant organisms are likely to occur, and from the surface, where con- 
tamination through leakage may have taken place. The solid food should 
then be thoroughly emulsified in sterile water by grinding with a sterile 
pestle and mortar or by shaking in a screw-capped botde with pieces of broken 
glass (Baumgartner, 1945). 

Technique far Culture 

Tubes containing 10 ml. amounts of suitable fluid media are inoculated 
with 1 mL of the Uquid food and incubated at 37® C. and 55° C., both 
aerobically and anaerobically. Cooked meat medium is recommended for 
culturing anaerobic bacilli, and glucose broth is suitable for aerobic meso- 
philic and thermophilic organisms. In order to culture spoilage organisms 
from acid foods, tomato glucose broth is recommended hy Tanner. This 
consists of tomato juice and nutrient broth in equal parts with the addition of 
1 per cent, glucose. The tubes are examined after 24 and 48 hr., and 
where growth has occurred the organisms may be identified by microscopic 
examination of stained films and by further culture tests. If the food is 
suspected of causing food poisoning through infection with organisms of the 
Salmondla and Staphylococcus groups, media selective for these organisms 
should also be inoculated with portions of the food. For salmoneUae* 
tetratfaionate broth and selenite jpedium are suitable; for staphylococci, 
cooked meat medium to which 10 per cent sodium chloride has been added 
is recommended. 

Organisms developing in these selective media should be further examined 
by Ae methods desoibed in the wpropriate sections dealing with them. 

It is advisable to make direct fil^ of the food for microsoc^e examina- 
tion although no mgntficance should be attached to organisms seem unless 
tim cttitisres oonfom that th w are viable. 

After removing sanqdea for culture, the food is turned out of the can^d 
examined carefully for any abnormaUties in appearance and smell. The 
inside of the can too shoula be inspected for (tefeets in its manufiicturt^ 
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The Bacteriological Examioatioii <rf Bottf ee 

To test the adequacy of the cleansing and sterilisation of bottles at 
farms md cre^enes, the following technique, based on the recommenda- 
tions of the Mimstry of Agnculture and Fisheries (1947) is advocated 

^ttlcs should be picked at random immediately after 
washing. They should be capped or fitted with a sterile rubber bur^ and 
sent immediately to the laboratory so that testing may be begun within 4 hr. 
of sampling. 

To each bottle, irrespective of its size, 20 ml. of sterile quarter-strength 
Ringer solution are added and the cap or bui^ replaced The bottle is then 
laid horizontally on Ae bench and rotated by rolling so that the whole of 
the internal surface is rinsed with the solution. This process is repeated 
at intervab over a period of half an hour, the bottle being kept on its side 
during that time. 

Five ml. of the solution are then plated in duplicate using 20 ml. 
yeast extract milk agar (p. 781), this large amount being necessary to produce 
solidification. One plate is incubated at 37® C. for 48 hr. and the other at 
22® C. for 3 days. (For greater accuracy duplicate plates may be prepared 
for both temperatures.) The results are reported as the colony count per 
bottle, ue, the individual plate count multipUed by 4. 

Based on the 37® C. count, the following scheme of classification was 
suggested: 

Average Colony Count per bottle Classification 
Not more than 200 Satisfactory 

Over 200 to 600 Fairly satisfactory 

Over 600 Unsatisfactory 

In addition, a test for the presence of coliform bacilli should be carried 
out by inoculating each of two bottles containing 10 ml. double-strength 
MacConkey’s broth with 5 ml. rinse solution. These are examined for acid 
and gas production after 48 hr. incubation at 37® C. If adequate methods 
are empmyed in cleansing and sterilising the bottles, no coliform bacilli 
should be present. 


The Bacteriological Exammation of Washed 
Crodkery and Cutlery 

The adequacy of washing-up methods employed in the kitcheus of 
catering establishments, schools and other institutions may be tested by 
bacterial examinations of swabs taken from freshly washed crodtery and 
cutlery. 

Preparaiim of SvhAs * — ^Absorbrat cotton-wool swabs f in. loi^, m used 
for clinical purposes may be employed. It is more generally convenient to 
have them on wooden applicator sticks 6J in. long than on wires^ so ^hat 
after the speciiaen h^ been coUected the swab may be broken off above 
the cotton-wool and allowed to drop down into a container of qusuter- 
strength Ringer’s solution. The swabs are inserted into test-tubes 5 ^ 

i in. plugged with cotton-wool and are sterilised by autodavmg at US C. for 
IS min* 

Hig^ (1910) obtained a greeter recovery of organisms by using »wabs 
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tmade of calcium donate mol instead of cotton-mol, the^advantage being 
chat the alginate awaba may be completely dissolved in mnger^s solution 
tontainitig sodium hexametaphosphate. In this way all the bacteria con- 
9 ined in the swab are liberated into the solution. Not more than 50 mg. 
of wool should be used for each swab to ensure complete solution even in 
cold weather, when larger amounts tend to form crystals. It is important 
that the calcium alginate wool should be declared by the manufacturer to 
be free from bactericidal substances such as ^Tixanol C”, a quaternary 
ammonium compound which was originally impregnated into the wool for 
use in the manutacture of certain texmes. 

Meilwd of Stoablnftg.--^ne swab is used for five rimilar articles. It is 
first moistened by dipping in sterile quarter-strength Ringer’s solution, the 
surplus liquid being ^ueezed out ag^st the inside of the screw-capped 
container. The swab is then rubb^ thoroughly pver the whole of the 
appropriate areas, which are as follows: 

the inner surfaces of plates and bowls that come contact with food; 

the inner and outer surfaces of cups, mugs anc glasses to a depth of 
3 cm. below the rim ; 

bowls and the backs of spoons and the back and ont surfaces of forks 
and between the prongs. 

After swabbing five similar articles in this way, the swab is returned to the 
test-tube and sent to the laboratory without delay. 

Method of Testing 

(a) If cotton-wool swabs have been used, the swab is broken off the 
wooden stick with sterile forceps and allowed to drop /into a screw-capped 
bottle of 1 oz. capacity containing 10 ml. of sterile quarter-strength Ringer’s 
solution. If delay in transporting the sample to the laboratory is unavoidable, 
this should be done by the person taking the sample. In the laboratory the 
bottle is shaken vigorously to disintegrate the swab and liberate as many as 
possible of the bacteria contained in it. 1 ml. quantities of the test solution 
are plated out in duplicate on yeast extract agar (p. 781), one plate of each 
bring incubated at 37^ C. for 48 hr. and the other at 22^ C. for % days. The 
results are reported as the bacterial counts per utensil for each temperature 
(f.s« count per ml. x 2). (b) If calcium alginate swabs are used, it is recoin* 
mended by Higgins and Hobbs (1950) that two swabs should be employed 
for each test, one being moistened in Ringer’s solution before use and the 
other used dry. The surfaces of five articm are rubbed over, first with the 
moistoied swab and then with the dry one. Both swabs are then broken 
dS the sticks vAth sterile forceps and allowed to drop into 9 ml. quarter* 
str^;th Ringer’s solution. 1 nu. of 10 per cent, sodium hexametaphospha^ 
soluwn f sterilised by autoclaving is then added and the bottle shaken until 
both swans have dissolved. The solution is plated out either by die method 
described under (a) or by the Miles and Misra technique, using blood agar 
plates on which wc test solution is inoculated in the form of drops of 0*02 ml. 
volunjie driivered from a calibrated Pasteur pipette. 

SUutdettds 

Thim i» no ttaadord offieuUyztoogiuMd in Great: Britain, but 
is drawn to tbe United St^a PubUc I^th Standard (Tiedmaa at 
for wariMd oodtery. Baaed on foe iwfotfoig teehaique followed by tw 
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eMJni^ If the and Mura method is used, specunei^viiMt i 
cohm^ droi» of undUuted test suspensioA o5lSSS^13S*J 
may be considered to conform to the American standard, *** 


IQCAMINATION OF FOODSTUFFS IN OUTffltEAKS 
OF FOOD POISONING 

^tro^nteritis) results from the con- 
-f pathogenic organisms which are 
capable of promeratmg in food if conditions are favourable. They M into 
two rate^es d^dmg on the manner in which they produce their harmM 

m (““‘“Wy the salmoneUa group), 

and (4) those which produro a toxm during their growth in the food, rV 
mm cause t>f thra troe bemg wrtain coagulase-positive staphylococci. 
Ce^n types of Clostruimm toeuktt, characterised by the heat r^tance of 
their spom, are also respoiuible for a type of food poisoning but their mode 
of action has not yet been clarified. 


Specimens of food for Bacteriological Examination 

Meat preparations (ham, brawn, sausages, etc.), and made-up dishes such 
as sand^ches prepared by hand, have been responsible for outbreaks of 
salmonella pd staphylococcal food poisoning, and pre-cooked meat, stews, 
beefsteak pies, etc., prepared the day before serving, frequently cause out- 
breaks of CL toelchii food poisoning. Eggs used in the preparation of un- 
cooked or only partially cooked foods, have cause salmonella inftrfti<> n st 
and unpasteurised milk and milk producte have in the past been responsible 
for both staphylococcal and salmonella food poisoning. Any of the above 
foo^tufis should be viewed with suspicion if they have been eaten by tke 
patients shortly before the commencement of symptoms, and samples should 
be e x a min ed bacteriologically for the three mrin food poisoning organisms. 

For the methods of isoktion and identification of the various sproific 
bacteria, reference should be made to the appropriate srotions in Part 11. 
The foUowing points should be observed. 

Nefi>^CKriTO Co ntamin ation. — ^The examination of food mtmpk. 
should conmarace with a careful inspection to determine if there ere any 
abnormaUties in i^pearance or smell. This is followed by a microscopic 
examination of stained prqiaratiima which will indicate any gross contsrmina- 
tion. It is also useful to determine the total count of viable bacterie per 
gram vi food at 37° C. and 22° C., by means of tiie pkie mmt makod 
P« 967) apgili^ to a suspension of 1 g. of the food in 10 mL of iterile 
emutton. This test should be onnbined with an examimirioi^ for 
coliform bactiU as in the examinstion of milk samjdes (see p. 978). Iheee 
prriiminary UM will indicate whether ornot the food hae bem sul^wtiid 
to contamination of a noiHipecific nature ariring fn»n poor Mandaide ^ 
kitchmi hj^fiene. 

Salmonelln Iofeetioa.'~-In testing foodstuffs for orpanisma of the 
groiqp, both direct culture and entidiment tedutiquee thooid bn 
<^ed «itt ^ee p. 226). In order to aolate ealmoneUae foom hmen Squid 
^hole the Food Hy|^D« Lshoratory of tiw Central IMim mtifk 
t^boratoiy Moommead ^ fbUowmg ted^ue). Two 2S gm. mamm of 
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^ ^ (liquid or frozen) are weighed in etedle jam with^ screw caps, and 
after the addition of 25 rd. of qtuurter-strength Ringer’s solution the mixes 
are incubated for 1^2 hr. at 37^ C. before the admtion of 50 ml. double 
streiH^ selenite enrichment broth to one lot and 50 ml. doubk^strength 
tetrathionate broth to the other. These enrichment cultures are incubated at 
37® C. and subcultured on to both desoxycholate citrate agar and Wilson & 
Blair’s agar after 24 hr. and again after 3 days’ incubation. Suspidous 
colonim are picked for identification. 

This method may be applied to die examination of any liquid foods. 

Staphylococcal IntiMdcatioiL — ^There is no reliable laboratory method 
for identifying the enterotoxin of Staphylococcus aureus^ and diagnosis of 
this type of f<^ poisoning can only be made if coagidase-positive staphylo- 
coed are isolated from the food. By the Miles and Misra counting technique 
(see p. 870), using 10 per cent salt milk agar (p. 748) as a selective medium, 
it is possible to determine the approximate number m staphylococci per gm. 
of suspected food. Although it is not known how many staphylococci are 
neoess^ to cause food poisoning, large numbers growing in direct culture 
from suspected food would be highly suggestive of it being the cause. In 
order to isolate Staphylococcus aureus from foodstuffs! heavUy contaminated 
with other organisms, the use of cooked-meat medium ^ntaining 10 per cent, 
salt (see p. 748) may be advantageous. Any coagulase-positive staphylococci 
isolated by the above methods should be typed by bacteriophage or sero- 
logical methods. In order to determine the source of the infection, all persons 
engaged in the preparation and handling of the food should be examined to 
determine whether they are harbouring the same organism in their noses 
or in skin lesions. 

C3. welchii Food Voiaordog. — ^This form of food poisoning, which has 
been increasingly recognised in recent years, is caused by a variant of Typ>e A 
Cl. welchii characterised by being non-haemolytic, feebly toxigenic and having 
spores that can survive boiling mr several hours. 

Anaerobic culture on blood agar plates inoculated by the Miles and Misra 
technique will indicate the degree of contamination by anaerobic or facul- 
tative anaerobic organisms. Unless they grow in relatively pure culture it 
may not be easy to distinguish the colonies of non-haemol^c'C/. wekkii 
from these of non-sporing organisms. They may be more readily isolated 
by inoculating small portions of the food into an enrichment medium such 
as cooked-meat medium and incubating for 18 hr. before culturing on blood 
agar, but it should be borne in mind imt such indirect culture does not have 
the same significance as direct culture. Use may be made of the selective 
medium of Willis & Hobbs (p. 757). The identity of any possible Cl. welchii 
colonies isolated by the above methods should be further confirmed (see p. 317 
for further details). 

CL liotxilliixiin ImoRicatioiL — Botulism, a rare type of food poisoning 
has m incubation period which varies from less than 24 hr. to 72 hr. The 
highly potent exotoxin formed during the proliferation of CL botulimm 
in the food is alMK>rbed through the gastric mucosa and affecto the nervous 
system mther than the gastro-intest^ This subject is dealt with more 

folly on p. 336. 

Foods which have been incriminated indude improperly processed canned 
and preserved meat, meat and game pastes, and vegetable that are eaten 
uncooked or only partially cooked {the toxin is d^troyed by heatit^ to 
90® CX The ^res of Ct htOttMmn may survive bdling for seveiil hours 
but are destroyed witiitn 15 minutes by a temperatusedP 120® C. 
to germinste if the pH of the food is less than 4*5. 
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BACTERIOLOGICAL EXAMINATION OF AIR 

Settle i^atek — In the past the procedure frequently adopted fot deter- 
minii^ the relative numbers and species of microorganisms present in air has 
been to expose open plates of culture me<hum for given penods of time, e.g. 

I or 1 hr. A count of the colonies after incubation of the plates for 24 hr. M 
37° C. ^dds a relative estimate of the number of organisms present, and if 
blood agar is used, the occurrence m the air patiiagenic staph]doooo(a and 
streptococci can be determined. This method has proved valuable in demon- 
strating the presence of sudi organisms in the air and dust of hos{ntai wards in 
which they are being spread. Such findings have also throvm li^ on cross- 
infection in hospitals. 

Slit Sampler. — ^It is recognised, however, that this simple method of 
(. ypftaing plates has certain limitations as a means of studying the bacteriok^ 
of air; for example, it is not a satisfactory method of detecting bacteria in very 
. TTiall suspended particles such as droplet-nudei. More elaborate proc^ures 
have therefore been adopted. A technique introduced by Bourdillon, Lidweli 
and Thomas (1941) involves the use of a spedal instrument, the “sUt sampler”, 
by which a known volume of air is directed on to a plate throu^ a slit 0-25 
nun. wide, the plate being mechanically rotated so that the organisms are 
evenly ^ributed over it. One cubic foot of air per minute is allovred to pass 
through the slit, and samples of 1 to 10 cubic feet, or more, may be tested. 
More advanced modeb of the slit sampler have a timing arrangement that 
tilows the number of colonies on each sector of the plate to be related to the 
number of bacteria-carrying particles sampled in a particular part of the 
sampling period. These instruments can be obtained cominerdally.i 

The slit and other air samplers have been used in examinir^ me 

amount of bacterial contamination in the air of hospitals, schools, factories 
and other places, with a view to determining the danger of air-bome infectum 
and the factors that increase and decrease numbers of air-bome bactena 
(Bourdillon et o/., 1948). Observations have been made in sur^ oi>er^on 
^ms in relation to the efficacy of difierent ventilation sys^ m numm^ 
aftrinl contamination, and in schoob, hoqntab and other pla^ mt«teo the 
efficacy of ultraviolet irradbtion and chemicti vapt^ for air dism^om 
Impactten Sampler^Lidw.^ (1959) ^ ^ 



places, the air-borM particles carr^ pathogenic 

L«tt, Strept. pyogem, Candida «»««««“? 

the range of 1(M8 mcrons in diameter (Noble, L^ell and K^^r^ 

EspS^interest attaches, however, to the f 

24 bouts at 37 Cs Wnc p xnuch higber as a result of the 
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* C. F. & Co. Ltd., Fteojr Sqw*, London. W.l. 
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Aa ordinal Pe«« dirii contakui^ mttrient agar, blood agar or a 8deeti«« 
culture removed from its lid and rubbed to and^ on tbe 

01 the fabric ^ne medium facea ihe fabric and the edges of the plate are made 
to scrape the fabric so that dust is thrown up on to the medium. AJboot 10 
sweem nay be n^e with a plate of non-selective medium, and more with one 
of selective medium. 

part m floors md hard w/acw.— This may be collected on a cotton-wool 
swab moiatened wxth broth and the swab ia plated out in the uaual way on a 
suitable medium.^ For large areas, a more representt^e sample may be 
obtained by sipping the dust together and suapendsM a portion in broth and 
plating out different dilutions of the broth. 
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CHAPTER 56 


the care and management of experimental 

ANIMALS 

UwmroST an^ in Great Britain are protected by the Cruelty to Animab 
Act (lo7o)> under which only workers who hold a licence granted by the 
Home Secreta^ are permitted to experiment on them* Advice on the 
procedure to obtain a licence may be got from the Research Defence Society, 
11 Chandoa Str^t, London, W.l. The licence authorises the licensee to 
carry out experiments in the stated registered place only. All registered 
places are approi^ed by the Home Office before registration is granted, and 
are thereafter visited from time to time without notice by the Home Office 
Inspector for the area. Depending on the scope of his experiments, the 
licensee may require a certificate (or certificates) in addition, for in any 
experiment authorised by licence alone, the animal must be anaesthetised 
beibre the experiment begins and must be killed before recovery from the 
anaesthetic. Certificate A must be obtained if no anaesthetic is to be used; 
this covers most of the bacteriologist’s usual laboratory work with animals: 
namely, procedures that do not exceed the equivalent of injection or super- 
ficial venesection. It can authorise, for example, inoculation of the gnitnal 
subcutaneously, intravenously, intraperitone^y, or by scarification. For 
experiments requiring procedures which exceed the equivalent of the above 
in severity, an anaesthetic must be used. Certificate B must be obtained to 
authorise any experiment whose object would be frustrated unless the sninnal 
is allowed to recover from the anaesthetic. Further certificates must be 
obtained to authorise experiments in which cats, dogs or the equidae are used. 
In all cases of doubt about animal experiments, and the law relating to them, 
the worker is strongly advised, in his own interest, to seek the advice of tihe 
Home Office Inspector for his area, whose name and address can be got by 
application to the Under Secretary of State, Home Office, London, S.W.l, 


GENERAL DIRECnONS FOR THE CARE OF ANIMALS 

The health and well-being of laboratory animals depend almost entirely 
on the care, humanity and watchfulness of the staff of the animal house. 
To keep laboratory animals healthy and contented requires a high degtde of 
techffical skill, a genuine liking for animals, and a full understanding of their 
ways of life. Animals in cages are deprived of their own ways of fending 
for themselves and they are completely dependent on their attendants for 
all their necessities and comforts; it is impossible for them to find th^ own 
food or water, to move to a cooler or a wanner place, to seek fresh au or ^ 
obtain exerctse or companionship. To make good these deficiencies in their 
life a number of general principles must be observed in the day to day 
nmning of an animal house. 

Fluid 

No attity^yl should ever be deprived of a plentiful supply of fresh dean 
^^itinking w at e r . It is wrong to assume that wet mashes and moistem^ diett 

^*7 enough fluid although it is true that in the case of 

‘i a plentifid auj^ply of fresh cabbage or lettuce may obviate the neeu 
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for drinJdiig bottlea. Animala kept ehoit of water ktae ooi^ition, eat less 
waste, and are prone to cannibalise their 3 n>ui^. * 

Drinking water can be oonveniaitly supplied to the animals from a bottle 
attached to the mitaide of the cage. Suitable and inexpenriive bottles are 
medical ^ts, blood transfiiuon bottles, ginger-beer botto; wide mouthed 
pathological apedmen jars are particularly recommended as being easily 
cleaned. The bottles should hold 250-500 ml. of water, smaller bottlea are 
mom liable to leakage through agitation. The water is led in 6-9 mm. gia^B 
tubing through a rubber bung to an accessible position inside the cage; the 
outlet of the tubing should be narrowed to about 3 mm . 

Diet 

A balanced diet which contains carbohydrate, fat, proteins, vitamins, 
mineral salts, and trace dements in appropriate proportions must be given 
regularly. Usually such a diet can be obtained commercially in ^ form of 
cubes or pellets and can be placed in hoppers attac^d to the sides of the 
cages so that food is available at all times to the animala. When cage hoppers 
are not available the pdlets may be placed in dishesiinside the cages or a 
dry or wet mash may be given in the same manner.! The latter method, 
however, is time consuming and much food stuff is wuted by spiUing and 
contamination. The condition of many animala is improved by supplement- 
ing pellet diets with small quantities of greenstuff. 

Cleanliness 

Animals will not thrive under dirty conditions and unless they are kept 
dean there is a considerable risk of epidemic disease. Once each week the 
animals should be transferred to dean cages and the dirty cages should be 
removed to a special room set aside for them where they should be scraped 
free from all litter and droppinn, scrubbed thoroughly in soap and water and 
sterilised in the autoclave or hot air oven. The aiumals, especially when 
breeding, should not however have their cages chang^ too frequently 
because they are disturbed by the process and as a result often lose w^ht 
With adequatdy absorbent litter such as peat moss the cages remun hygienic 
for a week. 'Vl^ere heat sterilisers are not available the cages can be boiled 
in soapy water or, foiUng that, immersed overnight in a solution of diunfectant 
such as 3 per cent, lysol. Lysol, however, should not be used for rabbit 
cages because its sm^ distresses tlie animals. The c^es should be perfectly 
dry before being used again. Clean cages should then be stadced on a 
trolley to be trandnerred for storage in a special clean room where dean li^r 
can be placed in them and clean sterile hoppers or dishes of food and drinking 
bottles added to them before they are tal^ into use again. A spedal trolley 
should be reserved for the dean c^;es and another for dirty cag^. 

litter - 

A layer of absorbent material should be q>read to a deprii (ff ( to 1 inch 
on the bottom of the cages. For this purpose fine soft wood sawdust, wood 
shaving peat moss or sugar-cane pith are all satutfsetoiy. Pri^iiumt animah 

muMahm be supplied wiu nesting material; shredded paper is reoonunended 

for mice and dean hay for rabbits and guinea-p%s. 

Ceges 

Each spedes of animal requites its own type of age and rite design must 

etwitte that them is enough nMn to give free taovement and ifiaoe for ta«ng 
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when lies down fuUy stretched out The cage should be Um 

enough for the anii^ to take some exercise; this is espedally hxipoitatit 
for monfc^. To fadhtate cleanmg many cages are provided <«nith coarse 
wire-mesh floors through which the excreta fall on to a tray which can easily 
be remov^for deamng without disturbing the occupante. Such cages do 
however inflict some discomfort on the animals and it is usually necessary 
to plai^ some htter (e.g, paper shavings) within the cage in order top^S^ 

the ammalsdcvelopmg sores on the pads of the feet. f 


Labellisig of Cages 

Every c^ should have attached permanently to it a socket or holder for 
a sm^ card about ZJxS* mches, on which is recorded the name of the 
expenmcnter, the identifying marb of the animals, the date, the nature of 
the eiyeriment and any other relevant matter. The card must not be re- 
moved before the conclusion of the experiment and must be placed in such 
a position that it cannot be chewed or defaced by the anitYial, Breeding 
cages should also be labelled so that each animal can be identified especialW 
if a breeding programme {e.g. inbreeding) is being carried out. 


Ventilatiim 

Ideally the animal house should be air-conditioned; at least ten charges 
of air in each hour are needed. When there is no air conditioning adequate 
ventilation from windows must be ensured but great care must be t^ken not 
to expose the cages to draughts. Animals kept in badly ventilated rooms 
are more liable to respiratory diseases. 


Tempemlura and Humidity 

Each animal hm its own optimum temperature and animal rooms must 
be kept dose to this level if the stock is to remain healthy and able to breed. 
Sudden fluctuations of temperature must be avoided since they may result 
in the death of whole colonies of animals. If animals such as guinea-pigs 
or rabbits are k^t in open runs, sufiident Utter or hay must be provided for 
them to make nests in which to keep warm. The humidity of the animal 
house should range between 45 per cent, for rabbits to 65 per cent for mice. 

If animals are handled frequently and sympatheti^y they soon become 
tame and easily managed; it is only when they are frightened t^t they bite 
and then only in self-defence. Loud noises such as the clattering of metal 
cages and riie ukrninmg of doors must be avoided in die animal house which 
should be as quiet a place as possible. When it is necessary to handle an 
animal, place the cage on the bench and aUow the creature to know what is 
happening; open^ie cage door gently^ introduce the hands slowly a^ 
delibemtoy, and pick upme aninuu wim firm unhurried movements. CSive 
the animal a sense of complete security by folly supporting its weig^it and 
eUminatii^ the risk of dropping it Avoid all sudden grabbing movements 
snd approach the with a steady confidence. It is seldom neceswjf 

to wear leather gloves when handling animals except when new stock m 
introduced into the Colony and their confidence has not yet be^ won. An 
exception is made, however, with rats and monkeys, vdiere a bite la 

panted by the liA of a aeveie infection m tim han^ 
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Bfeedliig 

Porter and Lane-Petter (1%2) give detailed instructiona for the breeding 
of common laboratory animala. 

Mail»;iiig Animnls 

White or lightly coloured animals can be temporarily marked by staining 
the fur with a strong dye. Marking ink of the type contained in commercial 
glass ink-pens is very convenient and the dye persists on the fur for two 
months or more. Alternatively strong carbol fii^sin can be used. Rabbits 
can be marked by tattooing the ears either with a special instrument designed 
for the purpose or with a needle dipped in India ink. For rats and mice 
ear punching is a simple method; a special ear punch can be obtained hrom 
veterinary instrument makers and this cuts holes about ^ in. in diameter in 
patterns arranged according to an identification code. For fowb, numbered 
metal tags are clipped through the loose skin of the wine. 

The Detection of the Signs of Disease in Animals 

It is easy to miss the early signs of illness in caged ^mals and in order 
to make sure that the stock is healthy a routine tour of inspection of the 
occupants of every cage should be made at least once a\iay but preferably 
twice, early in the morning and again in the evening. Attention must be 
paid to the general condition of the animals, the amounts of food and water 
consumed and the nature of the faeces. The position and movements of 
the animals should be noted and any animal ^at remains quiet and still 
or seems listless should be removed from its cage and exercised. A quiet 
animal left undisturbed may appear to be normal and yet may be found to be 
paralysed or ataxic when made to move. The appearan<:e of the fur is of 
particular importance; when the animal is genera^y in poor condition or is 
suffering from a chronic illness it lacks its normal lustre and when acutely 
ill the mr may be staring or ruffled. Acute illnesses are often accompanied 
by inflammation of the conjunctiva and nasal mucosa which often are also 
the sites of a muco-purulent discharge. Ulceration of the skin, the tail, and 
the pads may indicate ectromelia in mice, and localised lesions of this type 
may indicate parasite infestations. Full details of the commoner diseases 
of laboratory animals are given by Harris (1962), Worden & Lane-Petter 
(1957) and Parish (1950). Sometimes there may be no obvious clinical 
signs of illness and the only sign manifest in the animal is fever (e.g, rickettsial 
iiuiections). Thus it may be necessary to record an animars temperature 
daily or at more frequent intervals. 

Taking an Animal’s Temperature 

An ordinary clinical thermometer sme^^li^rally with sterile petroleum 

as ^ein/ less easily broken. It is introduced into the rectum or vagina to a 
depth of about three-quarters of an inch; the depth must be the same on 
every occasion and the mercury bulb must always be completely inserted. 
Whenever possible the animalb temperature should be taken before feeding 
and it must be remembered that the temperature of a frightened or struggling 
aninifli may be raised widiout any pathological cause being present. 

FeeventiiMi of Disease 

When new animals are purchaaed and introduced into the animal house 
they should be placed in a apeciad quarantine room and kept there under 
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observatioo for 10-14 days. If, during riiit period, any sicken oc 

die the stodc should be held in quarantine and necropsies must be made to 
iovesti^te the cause of the trouble. 

Anunals infec^ experimentally mth bacteria or viruses should be hdd 
in separate isolatitm rooms and fuU precautions taken to prevent the ^rei^ 
of infection to other animals. Bedding and unused foodstuib from riiese 
animala should be removed and burned. The cages should be removed on 
a special tioUey reserved for the purpose, handled separately, and autodaved 
before being placed in contact with dean cages. People who have handled 
infected animals, cages, or any contaminated matertu should immecUately 
vrash their hands thoroughly with soap and water, and change to a dean coat 
before proceeding to handle dean animals. 

Some potentially pathogenic organisms may be harboiued by apparently 
healthy animals and can readily be transmitted to other animals whose 
reristance is lowered by overcrowding in cages, lack of ventilation, tempera- 
ture fluctuation, or by inadequate diets. It is only by constant attention to 
dl the rules of animal hygiene that infection can be prevented. 


Insect Pests 

Care must be taken in the animal house to control insect pests. General 
deanliness, sterilisation, and the proper design of cages and ra^ so that 
small crannies and crevices are eliminated are often sufficient, but specim 
methods are occasionally needed. Bed bugs, fleas, lice, mites, ticks and 
mosquitoes and cockroaches may all infest the animal house 
be controUed by the use of insectiddd sprays such as 0-5 ftr cent. DDT 
or 10 per cent. Lethane applied to focal points. To destroy flew m the fur 
or feathers of animals an effective dusting powder contoipg 
of pyrethrin may be used. Insecticides such as dieldm, alarm, ULU 
or benzene hexachloride incorporated in a urea formaldehyde r^ can ^ 
obtained in the form of a quick drying transparent la^uer. They ca® “ 
sprayed or painted on to cages and racks and we ve^ ««(^ve. ^ 

spray is inflammab le great care is required m its use (Worden & Lane-Petter, 

1957). 

General A naeatheria . , . • 

Ether is one of the most satisfactory drugs for short periods of 
because its action is rapid and the depth of narcosis 
minute to minute. Chloroform has ^ked toxic 
of animals, especially mice, and is best avoided. It is wise 
for twelve hours before anaesthetising them. For small anm^ a- simple 
mltffi b fo^^ on the wire tily ol^gl^ 

an ether-Boa^ oad in its lower compartment Larger animals, suim as 

mbbS^^lES to a box which hali a hinged door and a gto ^pecUon 

IdSvrin edr idxture is 
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maak can be made by r^;>Iacnv thebaae of a oonvmiently aized tin with wire 
gauze and by sha^g it to fit comfortably over the ammal’s non. A pad 
soaked with ether is placed deep in the tin touching the wire gauze and the 
depth of anaesthesia is controlled by varying the distance between the mouth 
of the tin and the animal’s nose. 

For longer periods of snaesthesia barbiturate anaesthetica may be injected 
intraperitoneally or intravenously. The drug of choice is pentobaimtone 
sodium (Nembutal) and is usually used in a dose of 28 mg./kg. body weight. 
A stodt solution containing Nembutal 60 mg./ml. is convenient and may ^ 
diluted to required strengus with 10 per cent, eth^l dcohol. Thiopentone 
sodium (Pentothal sodium) may also be used but its action is less certain. 
Anaesthesia with these drugs may take 15-30 min. to develop and lasts 
1-2 hr.; complete recovery may take up to 12 hr. during which time the 
uumal may pass throu^ a phase of incoordination during which it may 
injure itself or tear out stitches if it is left unsupervisjed. It is important 
to keep the animal warm during the recovery phm (p^cularly nuce) and 
the cage may be placed dose to a radiator for tw. \ 

A useful introduction to anaesthetic methods for Iworatory animals is 
given by Croft (1962). \ 

Humane Ways of Killing AnimalSs 
Physical Methods 

Most methods involve breaking the spinal cord in the cervical re^on or 
damaging the brain itself. They are used only for small aninuds wmch are 
easily htmdled and which have relativdy thin skulls. Mice and guinea-pigs 
may be quickly and painlessly killed by bringing the head suddenly against 
a hard object such as the edge of a sink, but it is emphasised that this method 
requires some manual dexterity and must be learned from an experienced 
person. Birds can be killed by breaking the cervical cord; the legs are held 
in the left hand and the head in the right and the neck is then quickly extended 
and bent back with a sharp jerk. 

Chemicsd Methods 

(a) Volatile Agents . — ^An overdose of some volatile agent such as ether, 
chloroform, nitrogen, or coal ^ is commonly employed for euthanasia. 
Ether alone, however, is not reliable; it is too irritant and excitant for large 
animals and very young mice and rats may recover many hours after ^>pear- 
ing to die ftom its effects. Chloroform is suitable for most animals other 
than the dog in which it causes over-exdtement. For small animals a pad 
of cotton wool soaked in chloroform is placed in the lower compartment of 
a denccator and the animal is placed on a wire mesh tray above the pad. 
For lai^r animals the chloroform may be implied on an anaesthetic mask 
but care 'must be taken that it does nm actually touch the face of a consdous 
animal because the liquid is irritant. If coal gas is used an easy death is 
adiieved but only if it is introduced slowly into the chamber. 

(b) NoiMfolatile Agente.-^-Where the intravenous route of injection is 
practicable animals can be quickly and painlesdy killed the injecticm of a 
saturated solution of magnesium sulphate but it must be remeim>ered foat 
this substance is lethal only if injected into a vein. Pentobarbitone sodium 
(e.g. Nembutal) or thiopentone (s.f. Pentothal sodium) can also be used to 
kiH animals but is ratto eiqpendve; the dose is titree to four times that 
requited for anaesthesia and the dn^is may be injected by the intravenous, 
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iotnqtetitoDed or intramuscular routes. Rabbitt may be killed 1^ dw xi^dd 
intramaous iiyectkm of 40>-50 cc. of air. 

DiapOMl of Dead Animals 

The best way to dupose of animal carcases is to bum them in the ineiner* 
ator, but before this can be carried out it is absolutely essential to be sure 
t^t the animal is dead. In order to ensure agtdnst the possSnUty of 
bumaa a Uve animal no carcases should be put in the mdnerator unless one ^ 
ihe foSmuittg conditions relies: (1) The body is coild, still and rigor mortis hu 
set in. (2) The animal has been decapitated. (3) A complete necropsy has 
been performed. (4) The heart has been removea. 

Fuller details or the care and manipulation of laboratory aninuds are given 
by Smith (1931). 


Material Inoculated 

Urine, cerdnospinal flssid, blood and serous jUdds are easily inoculated wiA 
a medium-bore needle. Tenacious materiri such as pus and sputum is 
injected through a wide-bore needle. 

Cultures. — Fluid cultures are easily drawn through a medium-bore 
needle. It may be found advantageous first to pour the culture into a sm^ 
(2-in.) Petri dish, or a wide-mouthed 1-oz. screw-capped bottle. Grow^ 
on solid may be scraped off and suspended in broth or s^ne, or the 
fluid may be poured on the culture which is then emulsified with a 

wire loop. . , . , . 

Tissues. — Small frs^ents of soft tissues such as bram, liver, spleen ana 
kidney are readily homogenised by crushing them with a suitable diluent in 
a Ten Broeck grinder. If lai^r volumes of tissue suspensions are n^<m 
or if firmer tissues such as muscle or lung have to be used, m decttical^ 
powered blender of the Waring type is recommended. Tough md 

such as skin or chrorucsuly inflamed lymph glands should be mt uw 
«mal1 pieces in a sterile porcelain mortar by means of sciwrs sterilised by 
boiUng. Some dean coarse sand, previously wa^ed with ^d » 
carbonates, or fine powdered sintered gl^, contamed m a 
and sterilised by hot air, is then added to the morto and the whole thoroughly 
ground vrith the pestle. When the tissue has 

I added and the &ure further triturated. On s^di^for * /hoit ^ 

the sand and tissue rapidly settle to the bottom the mortar 

natant fluid can be drawn into the syringe. When 

of Ttissue suspension has to be employed, care murt be 

particles are i^cted. To avoid this, the suspension must be centrifuged 

at low speed and only the supetnatant fluid used. 


Neetppay 

oigattinna. 
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A$ a jprinuury remn for the necropsy is to recover organisms previously 
injected into the animal, the examination must be condi^d vdth strict 
aseptic precautions* 

Materials required: 

A suitable animal hoard or table^ on which the carcase can be fixed in the 
supine position. 

Instruments . — ^Three scalpels; scissors, ordinary size, four pairs; mouse- 
toothed forceps, four pairs; small bone forceps, if the skull is to be opened; 
a searing iron — 4-oz. soldering bolt is suitable for the purpose; sterile 
capillary pipettes; sterile Petri dishes; sterile test-tubes, and tubes, botdes 
or plates of media. 

The knives are sterilised in strong lysol (about 20 per cent.) and then 
placed in a weaker solution (2 per cent.), and the ^etal instruments by 
boiling in a sterilising bath, e.g. an enamelled *^fish-«ettle”. When ready 
for use, the tray of instruments is lifted out of the steriliser and laid on a 
spread towel which has previously been soaked in : 1000 solution of 
mercuric chloride. \ 

It is a useful practice, where cultures have to be made, first to immerse 
the animal completely in weak lysol solution (3 per cent.)^for a few moments. 
This not only destroys most of the surface organisms, but prevents the dust 
in the fiir from getting into the air and contaminating other materials. The 
animal is now &ed to the board and towels moistened with antiseptic are 
placed over the head and lower extremities. 

The instruments are removed from the steriliser. A long median incision 
through the skin of the abdomen and chest is now made and the skin widely 
dissected, exposing the abdominal and chest muscles. With another set of 
instruments the peritoneal cavity is opened and the abdominal wall is re- 
flected to each side. With fresh instruments the spleen is removed and 
placed in a sterile Petri dish. Other organs such as the liver and kidneys 
may be similarly removed. The ensiform cartilage is now tightly gripped 
with a pair of strong forceps, and by means of a sterile pair of strong scissors 
a cut is made on either side of the chest through the costal cartilages. The 
sternum is raised and pulled towards the head. The heart is now exposed. 
A sterile capillary pipette, furnished with a teat, is passed through the heart 
wall. Blood can thus be withdrawn and inoculated into various media. If 
the necropsy has been properly performed, it is not necessary to sear the 
surface ot the heart. The lungs are then removed with fresh instruments 
by cutting each organ free at the hilum. Care must be taken not to open 
into the oesophagus if the lungs are to be used for cultivation. 

After the organs to be used for culture have been removed and placed 
in separate Petri dishes, the necropsy can be completed. 

While the instruments are agam being boiled the naked-eye appearances 
of the organs should be studied. For culture the spleen gives ^e best results, 
but the other solid viscera may similarly be used. The organ is cut with 
sterile instruments and a small portion is taken up with a stiff wire and 
smeared on the surface of solid media. Liquid media are inoculated with a 
small fragment of the tissue. 

In conducting post-mortem examinations, various animal diseases, such 
as worm infestation, coeddiosts, pswdotuberculosis, etc., may be noticed, 
and the worker should be familiar with their appearances. 

When Ae animal is ^eeUd mth highly pmu^enic organisms the worker 
must wear rubber gloves. The carcase is soaked in antiseptic solution as 
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before and nailed to a rough pece of board of the appropriate aise. This 
board is thra placed in a large enamdled iron tray. Thenecnqtayiacarelally 
perfonned in the usual way. The carcase is finauy covered sridi 10 per cent 
which flows over the board and into the tray. The whole contests of 
the tray— board and carcase— are then destroyed in a fomace <x indneratOr. 
The rubber gloves, instruments and tray are thoroughly sterilised. When 
performing animal necropsies we strongly advise the wearing of a large overall 
made of waterproof material, and in aamdon, the use of some form of glasses 
or gobies to protect the eyes. 


Data 


RABBITS 

Rectal temperature . , 38'7-39-l® C.; 101-6-102’4‘’ F. 

(No temperature below 40® C. or 104° F. is regarded as pathological) 


Normal respiration rate 
Pulse rate 
Gestation period 
Weaning . 

Mating age . 

Litters . 

Room temperature 
Humidity 
Weight — adult 


55 per min. 

135 per min. 

28-31 days. 

6-8 weeks. 

6-9 months. 

4 yearly; average litter, 4. 
15 S-18-5° C.; 60-65® F. 
40-45 per cent. 

0-9-6-75 kg. 


Cages 

Individual cages are best made of galvanised iron. The minimum rise 
for a medium sized rabbit is 2x2xlJ ft., but larger cages may ^ needed 
for the bigger breeds. Young rabbits up to 3 months of age may be housed 
together but after that time the sexes should be separated. Frm 8 to 10 
young rabbits may be kept together in a pen rimilar to that used for guinea- 
pigs. 


Feeding 

The peUeted Diet 18 of Bruce and Parker (1947) or comm^ briers 
pellets are suitable for rabbits. Alternatively a daily supply of 2-5 oz. g2 g.) 
of a mixture of one part oats and three parts hvm my be fed as a shg^tiy 
moist mash. Father diet may be supplmented wfo green so ^ or r^ 
vegetables and hay. A Uberal supply of dean drinking water » essential 

at all times. 


Handling 

Smooth the ears of the rabbit back and Z 

loose skin at the back of the neck with one Imd m » 
other hand under the hind quarters to support the weight and Iffl g ently. A 
rabbit must never be lifted by the 
from its cage it should always be placed ra * 
otherwise ft feds insecure and becomes 
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Breedlag 

^ When the ^ ia on heat the vulva becomes moist, red and swollen. At 
diis time she is taken to the buck for mating; do not introduce the buck 
into the doe's cage as she may attack and injure him. Small-«ze struns of 
rabbits may be mated for the first time at the age of 6 months, laigm* strains 
at about 9 months. The gestation period is 28 days and at about Ae 24th 
day the doe is transferred to a dean breeding cage, preferably with a screened 
breeding compartment where the animal can produce its young in sedudon. 
Liberal beddme and hay must be provided for nesting. In order to avoid 
the risk of caiubalism the doe and her new litter should be disturbed as little 
as possible during the first 10 days. The young are weaned at 6-8 we^, 
sexed, and then separated into male and female pens. 


Common Diseases | 

CocdUosis is a common disease of rabbits taking mo forms, hepatic and 
intestinal. The symptoms are a ravenous appetite! with diarrhoea, pro- 
nessive emaciation, and gradually increasing weakness of the Und limbs. 
The diagnosis is ea^y confirmed by the finding of toe oocysts of Ebneria 
stediae in wet films of the faeces. In fatal cases yeUowilfh wmte nodules and 
haemorrha^ are seen at necropsy in the liver and intestine. Treatment with 
sulphadimidine included in a mash in a concentration of 1 per cent is 
effective if given within 10 days of infestation. 

Pseudom>eradosis is a chronic infection with Pasteurella pseudotuber- 
eulosis and is characterised by loss of weight emaciation and eventually by 
death. At necropy prinuny caseous nodules are present in the intestine and 
are most marked in the caecum; metastatic lesions are seen as well defined 
yellow areas, like those of miliary tuberculosis, in the liver, spleen, and 
lymph glands. 

Res^atory tract infections. — ^The most common is “Snuf9es”, wluch is 
so-called from the characteristic nasal discharge. The disease is due to 
Pasteurdla septica and is highly infectious; animals suffering from this 
infection should be removed from the animal house and destroyed at once. 
Rablnts are also liable to infection with pneumococci and streptococci which 
may cause a rapidly fatal pneumonia with pericarditis. 

Intestmal i^ections. — ^Mucoid enteritis, a disease of obsoire ori^ may 
be responsible for epizootics in the anin^ house. Severe diarrhoea and 
marked emaciation are tiie principal qnnptoms and the conditirm may be 
tnintaken for cocd^oris. *1110 mortally of very young rabbits is 100 per 
cent., tkut of adults about 30 per cent Diarrhoea may also be caused by 
organisms of the SabnoneUa group, e.g. S. typkimttrmn. 

RsibU syphiUt. — ^A relatively common condition characterised by papules 
or disdbarging ulcers on denuded areas of the genitalia. It is caused bj^ 
Tr^pmmta esmiestU, a spirochaete very similar to Treponema paUidtm (^.v.)* 
The otmditkm rounds well to treatment with penicilliiL 

Ear eatsker is the commonest form of mange in the dbmestic rribbit It 
isoavuedt^twoq>e^of taateaPmepteteomsmmittaidChoriepteteemmumf. 

’Zlie condimm can be easily cleared up by sofienii^ the scid)S with vmtable 
(til« removing tiiem and mtai apfdying a 20 per cent emuUon of oenzyl 
henmate (National Fomndary). , . 

IForw.^’nw^ritioercas of tlm dog tiq>ewonn, TauAnp^rrmttt » 
the commonest type oi iafostatm and » oharacterised 1^ numMous cysts 
ID the omentum aM liver. 
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Experanmtal Procedwes 

chief UM of the rabbit lies not so much in (hagnostic work as in its 
value for experimental purposes. It is, also, extensively used for the pro- 
duction of inmmne sera, such as agglutinating and neutralising sera, wfaii^ 
are used in diagnostic work. * 

is no agreement on the best inoculation schedule for the 
production of antisera in rabbits. One method onploys four to six 
mtravenous injections of gradually increasing amounts of the antigen spaced 
at tiro to three day mtervals. (Many workers ounplete the course within 
t« ^ to minmnw tte nsk of anaphylactic shock.) A sample of blood 
s^ld IM taken before beginning the course and a second six to eight days 
after ^hmg it. The antibody titees of both samples are estimate and if 
that of the swond sample has not risen to a high level further injections may 
be given# Although this method gives good results {e^g, in the preparation 
of antisera to salmonellae) many oAer schedules using other routes of in- 
oculation in various combinations, difFerent doses of antigen, longer or shorter 
time intervals, may all give equally satisfactory results. It is, however, wise 
to reduce the number of inoculations to the minimum needed to produce the 
required antibody titres because a prolonged series of injections may harm 
the animal and may also result in the appearance of unwanted or non-specific 
antibodies# In general, the worker will be guided in the choice of a swedule 
by such factors ^ the toxicity and purity of the antigen, whether living or 
dead microorganisms are to be injected, and by the condition of the 
being immunised. 

It is pebble to produce high levels of antibodies with a single sub- 
cutaneous inoculation if the antigen is mixed with Freund's complete 
adjuvant. Freund's adjuvant (Difeo) can be obtained commercially with or 
without (incomplete) added mycobacteria; it comprises 9 parts of an oil, 
Bayol F, and one volume of an emulsifying agent, Arlacel A, with the addition, 
if required, of 2 mg, per ml. of heat-killed Mycobacterium butyrkum. 
Equal volumes of a saline suspension of the antigen and Freund's adjuvant 
are mixed to make a water in oil emulsion# In making the emulsion successive 
small amounts of the antigen are squirted below the surface of the atyuvant 
with a syringe and the mixing is continued by filling and emptying the syringe 
through the needle until the emulsion has assumed an opaque appearance 
and a syrupy consistency# Considerable care must be taken to obtain the 
correct consistency to give a water in oil emukion^ which is achieved ^^n a 
dmjp let fall on the surface of a beaker of water remains as a discrete drop# 
Oil in water suspensions, which are not so effective antigenically, are detectra 
when a drop allowed to fall on the surface of water spreads out to form a 
diffuse film# 

Anaesthesia Short-acting. Ether# 

Long-acting. Pentobarbitone sodium 28 n^/kg# 
body-weight intravehously. 

With pentobarbitone, anaesthesia devdops rapidly and there are 45-60 
^^dnutes of unexmadousness followed by some abnormality of the central 
nervous mrtem lasting up to 24 hours. ^ 

ScarijwamoHd^Tl^^ bmr is removed from the flank of the a nimal by first 
^Pplrig and th^ shaving, or by means of the depilating mixture described 
p* loll# The skin iacieimscu with alcohol, which is snowed to evspomtef 
A number of paralldi scratches are made with a sharp sterile scalpd, just 
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sufficiently deep to draw blood. The infective material is rubbed into the 
scarified area with the side of the sc^peL This method is mainly used for 
the propagation of vaccinia virus. 

Subcutaneous inoculation may be made either into the abdominal wall or 
into the loose tissue about the flank or at the back of the nedc. Hie hair is 
clipped, the skin is sterilised with iodine and then pinched up, and the needle 
is inserted. The technique is the same as that for the guinea-pig. 

Intravenous inoculation is employed when material has to be introduced 
directly into the circulation. The marginal vein of the ear is the most 
convenient site. The rabbit may be held by an assistant or placed in a special 
box so that only its head protrudes. The hair over the Vein should be dry- 
shaved with a sharp razor. The vein may be distended for ease of inocula- 
tion either by vigorous nibbing with a piece of cotton-wool or by holding 
the ear over an electric-light bmb, when the heat causes a dilatation of the 
blood vessels. According to the amount of material tjo be injected, a suitable 
sterile syringe is selected. The operator faces the ammal and the ear is held 
horizontally by means of the left hand. The needle is kept as nearly parallel 
as possible to the vein and the point inserted towards the head of the animal. 
When the injection is completed, the needle is withdrawn and a small piece 
of cotton-wool placed on the vein, which is then coinpressed between the 
thumb and finger. \ 

Intraperitoneal inoculation is carried out as in the guinea-pig, 

Intracer^al inoculation . — The animal is anaesthetised with ether, the 
hair over the head shaved, and the skin disinfected with alcohol and tincture 
of iodine. A short incision is made through the scalp at a point situated 
2 mm. lateral to the sagittal suture and 1*5 mm. anterior to the lambdoidal 
suture. The skull is then perforated with a trephine or a mechanical drill, 
and the needle, which is cut down to ^ in. long, introduced through the 
opening. About 0*45 ml. of material can be inoculated into the occipital 
lobe of a large rabbit. After injection the needle is rapidly withdrawn, the 
skin sutured and the area covert with collodion solution. 

Rabbits may also be inoculated in the frontal lobe, at a point situated 
2 mm. lateral to the median plane on a line joining the two external canthi 
of the eyes. 

Intra-^testicular . — If the testes are not palpable in the scrotum they are 
made to descend from the abdominal cavity by steady pressure on the belly 
while the animal lies on its back. They are then fixed by an assistant who 
places a finger over each abdominal ring. The scrotal skm is cleansed with 
methylated spirit and is stretched tightly over one of the testicles. A hypo- 
dermic needle is now plunged directly into the centre of the organ and 
0*2-0*4 mL of inoculum can be injected. 

OfJithalndc . — ^Material may be dropped into one eye from a Pasteur 
pipette leaving the other untreated as a control. Under anaesthesia the cornea 
of one eye may be scarified before the instillation of infected material. Only 
one eye is ino^ated as the procedure should never give any risk of blinding 
the anhnal. 

Collection of Shod . — ^From the ear vein of a large rabbit 2(^30 nd. of 
blood may be obtained easily and without causing any distress to the animal, 
ear is shaved and sterilised with sterile gauze soaked in 70 per cent 

alcohoL MeanwhileasmaUvesselcontainingpetroleumjetly hashed heated 

over the Bunsen to render it sterile, and when cool, but stm fluid, the petroleum 
jc% is painted over the vein, and on the margin and under-side of the ear. The 
ear is held forward and the vm is made prominent by means of a small spring 
dip at the base of the ear, and then indm with a small sharp sterile empA. 
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The bkx^ flows pettoleum jelly, and is allowed to drop into a stonle 

flask eoiu^img glm Ma(te or a suitable anticoagulant according to reqtd<«o 
men^ Tteves^ of the ear can be dilated^ holding an electric both iMloiw 
It (n by rabbi^ the part not covered by petroleum jelly vnA a 
momeTOd mth ^lol. When sufficient blood has bfien obtained the dip Is 
removed and a iriece of cotton<wooi pressed firmly over the cut in the vein. 
The jtyld IS removed from the ear with alrohol, and some petoifleum je^ 

should aboays be provided in the cage frf 1m 

Larger amoimts of blood can be obtuned by cardiac puncture. The 
anaesthetised animal is fastened to a board with the body quite straight 
and tte fur clipped over the left side of the chest; the area is shaved and then 
sterilised with alcohol and ether. A 100 ml. bulb pipette {pide digram) is 
cut down at both ends to 9 in. in length, one end being slightly tapered and 
the offier end stoppered with cotton-wool. It is wrapped in kraft prqrer and 
sterilised in the hot-air oven. A wide-bore transfusion needle is fitted into 


rmcem/aeeft 
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a short length (1| in.) of thick rubber tubing and sterilised by boiling. When 
the animal is anaesthetised, the rubber tubing is attached to the tapered end 
of the pipette and to the other end is fitted a mouflr-piece such as that used 
in pipetting 909). The needle is inserted into the left side of the drest 
and suction applied. The needle should lie in the right ventricle of the heart, 
and blood rapidly flows into the pipette. About 50 ml. of blood per kg. of 
body-weight can be obtained. The blood is then transferred to a sterile 
500-ml. flask or bottle containing glass beads for defibrination. 


6UIMEA-nGS 


Date 

Rectal tempmture 
Normal roqiiration rate 
Pulse rate 
Gestation period . 
Weaning Me 
Matingage . 
litten 

Room tenmeratufe 
HumidlQr . 
Wdlghl!--teeaning 
odtflt . 


. ST-b-aS-O® C.; 99-6-102® F. 

. 80 per min. 

. 150 per min. 

. 59^72 days; average 63 days. 
. 14-21 days. 

, 12—20 weeks. 

. 3 yearly; average litter, 3. 

. 18.5-21“ C.; 65-70“ F. 

. 45 per cent. 

. 120 g. 

. 200-1000 g. 


3s 
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Cagei 

Stodi runs should bs about 4x6 ft. and 1 ft. 8 in. high. One square 
fioot of qpsoe should be allowed for eadi animal and not more than 2S aimnals 
should be ke^ in any one pen. 

Fmr esperimental animals galvaniaed-iton cages ate reconunoided as they 
can be readily cleaned and sterilised. A convenient size is 14x9x8 b. 
fitting in a tray 1^ in. deep. 

Feeding 

A diet m pelleted form is recommended m preference to mashes. Pellets 
are placed m a hopper m the animal cage ana provide a oontmuous source 
of food. Diet 18 of Bruce and Paiibes (1947^ contains balanced proportions 
of protem, &t and carbohydrate with added vitamins, salt and trace element s. 
Tlw diet b recommended and to it must be added 2|oz. of cabbage or kale 
and 2 oz. hay daily for each anboal. In wmter, carrots, swedes or mangos 
may be substituted for the green food. Fresh water must be provided from 
a botde attached to the cage. 1 

If, however, a mash is to be used instead of pellet^ the following simple 
formula may be of value: 

Crudied oats ' . 2 parts 

Broad bran 1 part 

It may be fed dry or slightly moistened with water. This mash lacks sufficient 
protem to mamtam reproduction and the growth of young animals. It must 
be supplemented with cabbage and hay as above and it may be necessary to 
add protem concentrates such as fish or meat meaL 

Hudling 

Place one hand across the back of the animal with the thumb behmd 
the shoulders and the other finders well forward on the opposite side; lift 
the animal gently and support its weight with the other hand phu^ palm 
uppermost under the hmd quarters. 

Breeding 

The boar is fertile at the of 8-10 weeks when it wei^ about 500 g.; 
the sow can be mated for the first time at the age of 12 ween when it weighs 
about 450 g. One boar is placed in a breeding pen with 5-10 sows and one 
square foot of space allowM for each animal. As the sows approach par- 
turition they ate isolated in individual cages. After weaning at 14-21 days 
the yot^ are webbed, sezed and the sows and boars are plaoxl in different 
pens. Ine mother is Aen returned to the breeding pen. 

Cosmon Diseam 

Pimdatiierciiiom (p. 277). — ^May be either acute or, more commonly, 
chronic. In the acute type the ani^ dies in a few days. In the chronic 
type the fiver, spleen and mesenteric g^anrb show very numeroui yrilowish- 
miixe areas scattered riirough them, somewhat niggestive of mberculosu. 
CHibea a whole stock becomes infected, and eq>e rim e nt al anhw a le ftequently 
^ before the eapetiment is completed. 

Aheatet is fymphaHe gbtmbt, dm to haemolytic stnptooooci of ftoi^ 
am not uncommon. (These otgataama may also pimfacs septicia e m i a . ) 
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m Habk to pneiimomE m 
pleuti8y» oxten haemorrhagic, and septicaemia due to such orgaxusms as tlxe 
pneuinoc^ua, pneumobacilliis, haemolytic streptocoScos, PmUmSh group, 

IntesHnal — Organisms of the SabmmUa ^up, c.g. S. 

fii$iriunty are the cause of the most lethal of all guinea-pig djocssest Sxpiwve 
epissooties may o^r in which practic^y the whole of a colony is destroyed. 

Protwom diseases ^ — Coccidiosis is of common occurrence. Toxo- 
plasmosiB is found infrequently. 

Virus diseases^ such as guinea-pig paralysis and pneumonia, may be met 
with. 

Experimental Procedures 

For general purposes an adult guinea-pig weighing about 400 g. is 
satisfactory. 

Anaesthesiu 

Short acting. Ether. Excessive post-operative mucous secretions are 
common but can largely be prevented by the use of 0-5 ml. of a 0*5 per cent, 
solution of atropine sulphate (2*5 mg. or 1/25 grain) given at least half an hour 
preoperatively by the subcutaneous route. 

Long acting. Pentobarbitone sodium 28 mg./kg. body-weight intra- 
periton^y. 56 m^./kg. body-weight is the fatal dose. 

With pentobarbitone sodium anaesthesia may take about 15 minutes to 
develop, lasts 1-2 hours, and complete recovery may take up to 12 hours 
during which time the animal must be kept warm. 

Subcutaneous inoculation , — ^An assistant holds the animal during the 
operation, and the injection is made under the skin of the flank. The animal 
is grasped across the shoulders in one hand, with the thumb curved round 
the animal’s neck so that it rests on the lower jaw. The hind legs are secured 
between the first and second, and second and third fingers of the other hand, 
the knuckles being uppermost, and the animal is held so that the flank is 
presented for inoculation. The skin may be disinfected with tinctipe of 
iodine. The operator picks up a fold of skin and introduces the pomt of 
the needle into the base of the fold so that it lies in the subcutaneous tissue. 
Amounts up to 5 mL can be introduced. A 2-ml. or a 5-ml. syringe is con- 
venient for the purpose. 

Some workers tnoculate by picking up a fold of skin about the mid- 
abdomen. The needle is introduced into the base of the fold and pas^d 
down in ikt subcutaneous tissue until it reaches the groin, where the it^eroon 
IS made. This method obviates superficial ulceration when tuberculous 

material is injected. ^ ^ 

Intracutaneous inoculation , — ^This method is used chiefly m tesong 
cultures of the diphtheria bacillus for virulence. The hair b removed from 
the flanks of the animal by plucking or altemativdv by means of a 
5 per cent, solution of sodium sulphide or a 

gumea-pigs pCKMOO grams wdght) are used, as the don is unpigmented 
and Ae rerats of the test can e ray be read. 

The depilating powder b made as follows: 

Barium sulphide, commercial powder . 

White houraold flour . . • * 

Tnhmpmdnr . . . * • 

CMtSemtppeifder .... 


. 7pam 
. 7part> 

. ijmi 
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Rotnove the hair from the flaoka as dosely as posable hw dimiers. 
Make up the dc|Mlating powder into a smoodi paste with wator, and rub into 
the animal’s hmr with a wooden spatula or to^brusfa. Allow the paste to 
act for one minute and renew the applkatkuu After two minutes remove 
ihepastewlththespatuilaothandleoflhetoothbru^ Now wadi tire animaik’ 
skdn and sunxrundu^ bah vnth warm water and dry vnth a doth. Thedepil> 
ated surfme should be quite smooth and white. It is advu^le to leave 
tte paste on too long as the skin becomes red and e^^iiated in patchra, 
nuking the subsequent observation of reactions very difficult. The depil- 
ating powder should be used at least one hour before the intracutaneous 
injection is carried out. 

For the test a 1-ml. all-glass tuberculin springe, fitted with a short needle 
of No. 25 or 26 gauge (exactiy as used for Schick and Dick tests), is employed. 
The dun of the animal is pinched op between the thumb and forefinger, 
and the point of the needle is inserted at the toi> of t^ fold so that the bevel 
of the needle is towards the surface of the sain, 'roe needle passes only 
into the dermis, as near the surface as possible, and tm into the subcutaneous 
tUsue\ when the injection has been correctly m^e aldcfinite and palpable 
bleb appears in the «fcin- The usual amount injectedi is 0'2 ml. and when 
several tests are to be nude the injections should be about one inch apart 
and not too near the middle line of the abdomen. No more than ten injec- 
tions should be made on one animal. The results are read 24-48 hr. later. 

Intrapentoneal inoadation . — The animal is held in a similar noanner. 
The inmni i arifin is made in the mid-line in the lower half of the abdomen. 
The assistant holds the animal with its head downwards, so tlut the intestines 
fall towards the diaphragm. The skin is pinched up, the point of the needle 
is first passed into the subcutaneous tissue and then downvwds through the 
abdominal wall into the peritoneal cavity. There k no risk of dama^ to 
the intestines. Not more than 5 ml. can safely be inoclilated intraperiton- 

eally. , , 

Collection of Blood . — Small amounts, up to 0-5 ml., nay be taken by 
simple incision of the marginal ear vein. Cardiac puncture is, hovwcr, tte 
only satisfactory way of obtaining larger volumes.^ The anim^ is lightly 
anaesthetised with ether and then laid on its back with its front limbs drwn 
forwards. An area over the fourth and fifth left intercos^ spaces is plucked 
and the skin painted with tincture of iodme. The position of the apa b^t 
of the heart is defined by digital palpation and at this point a needle (No. 20 
gauge mounted on a syringe) is inserted between the ribs. A sharp dovm- 
vwd movement inclined towards the nud-line then takes the needk pourt 
tluough the ventricular waU. As much as 15 ml of blood may be ob^ed 
from a 350-400 g. animal, though smaller amounts are advisable if the 
guinea-pig is to survive. Very sharp needles are essential for tiie success 
of this operation. 


Date 

Ntmnal temperature 
Pulse rate . 
Oestrous cydt 
Gestation period . 
Weaning sge 
Matingage . 
lAtters 


Micas 


. 37-4* C.; 99-3'’ P. 

. 120 

. 4-5 days. 

. 1^21 days. 

. 19-21 days. 

. 6-8 wedcs. 

. 8-12 yearly { average Utter, 7-8. 
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Room temperature 
Humidity . 
Weight— -weaning , 
adult 


20-21® C.; 68-70* F. 
50-60 per cent 
7g. 

25-28 g. 


Cages 

There are many different designs of mouse cages and no one pattern is 
the standard. A common form is an aluminium box approximately 6 x 12 x 6 
m. deep, with tapering sMes to facilitate stacking. TTie lids are made of 
sh^ metal or of strong wire mesh and are designed so that a food hopper is 
built into them Md accommodation provided to hold the drinking botde. 

cages are light, durable and e^y sterUbed by dry or me^ 
Similar cages made of polypropylene are now avulable and are quieter to handl* 
and, since the plastic material is not a good conductor of heat, are warmer 
for the a nim a l s. Plastic cages are less expensive thw metal and appear to 
be equally satisfactory; they ^ be sterilised in the autoclave but not in 
the hot air oven. Up to six mice can be housed in cages of tl^ type which 
are suitable for breeding purposes. Larger cages to hold up to 100 mice 
approximately 30 x 18 x 6 in. can be used for stock rearing or holding purposes 
but overcrowding in such cages carnes a great risk of epidemic disease. 


Feeding 

Pelleted diets such as diet 86 of Howie (1952) or diet 41 of Bruce (1950) are 
satisfactory. Fresh water in drinkii^ boraes must be provided ad Ub, 


Handling 

An assistant tabes a grq> on the middle of the tail of the animal with tiie 
left hand and gmtiy rsuses the hind limbs from the floor of ^e cage. A 
mouse held in position cannot turn round and bite. Then wi^ the right 
finger and thumb a fold of skin is taken up as close as possible to the h^. 
The animal can now be lifted into a convenient position for tiie operator to 
carry out simple inoculation procedures. When an assistant is not avt^ble 
a mouse can be manipulated tingle handed: place the animal on a rough 
surface and hold it by its tail with the right ^d, then pidc up the loose 
skin at the base of the neck with the left for^nger and thumb, lut and turn 
the left lumd palm uppermost at the same time catching the tail and presshlg 
It against the palm with the left littte finger. The right hand is now ftee to 
pick up a sytii^. 

Breediitg 

Two methods may be used (1) Mouogamous mating when one nwle and 
one female aged 8-12 wetim are placed permanently in a cage together. 
Three to four wedts later the first litter is produced aim m ati n g occurs i^ain 
in the immftdiste poBt-partum period. The jroung mice must be wemed 
just before the next litter is expreted. Thus lifters mire be expected evm 
3-4 we^. (2) Piitygamous mairng when one male is jhetd in a cage with 
up to four fiemales. When it is established that a female is pre^iant she is 
ttaruferred to a separate cage and allowed to nest and muse her youi^ until 
^ey are weaned at the age of three wedcs, after which she is ai s led again. 
Sofo syiteim hare advantwes and disadvantages; the first produces dmibfo 
die nund>er of but the young rmoe piodwed by tiie second m^iod are 
htovier and readh iiiaftir% and suitability for mqierimental use in a drertor 
time. 
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CommoH Dheotes 

SabHondhtis, — ^Intesdnal infectionB ternaed “Mouse typhdid*' are 
common and are usually caused by the Salmonella group (e.g. S. typH- 
murium and S. euteritidis). 

S^re enizootics may follow the introduction of new stock into a colony 
specially wim the animals are overcrowded or where animal hyipbie i$ 
inadequate. It seems impossible to control an epizootic with cdiemotherapy 
ancl the only satisfoctory procedure is to destroy existing animala, sterilise 
their cages, md then to obtain a fresh dean stock. 

Ectromdie (Mouse pox) is the most troublesome of mouse diseases; it 
takes two forms: (a) the acute form dharacterised by necrosis of the liver and 
^leen with a rapidly fotal result, (i) a chronk form with generalised ddn 
eruption and characterised by ulcers which ate cov^d by crusts of dried 
serous discharges. Thcw lesions may occur anywhm on the body but are 
most obvious on the tail. In the most chronic form there is enlargement 
of one of the foot pa& due to oedema and scab fommtion followed by gan- 
grae either of a digit or the whole foot. The dises^ is caused by a pox 
virus related to the vaccinia virus. When tins infectmn is established it is 
extremdy difficult to control and may necessitate the dei^truction of the whole 
colony. If valuable stocks ate threatened by ectromeUa it is, however, 
pomble to protect them by vaccination on the tail with the calf lymph used 
against human smallpox. 

StreptchadOm mordUfanm infection may be epizootic or sporadic. The 
acute form of the disease has no characteristic lesions but foe organism can 
readily be recovered from foe blood and organs. The chronic form is 
commoner and is characterised by swelling of foe ankles and tail wifo ulcera- 
tion of the foot. The condition may domy resemble ectromelia. 

Miscellaneous Virus Iirfeciions. — ^Among the many virus infections affect- 
ing mouse colonies are foe pneumonia virus of mice (PVM of Cuman & 
HorsfoU, 1946), Nigg’s pneumonitis virus (Nigg & Eaton, 1944), and the 
lympIuK^c choriomenii^tis virus (Traub, 1939 ; Haas, 1954). 

Worms. — Occasional imestation wifo foe tape-worm Taenia tamae-form 
may occur wifo large cysts formed in the liver. The primary host of this 
helrainfo is foe cat wmdi should be meduded from mouse nxnns. Cats 
mi^ infoet oats, maize and pellets wifo tape worm ova in the mill and these 
feeding stuffs should not be purchased unless they have been stnUised and 
padred in paper bags by the makers. 

Experimental Procedures 

Asualkesia 

Short acting. Ether. 

Long actii^. Pentobarbitone-sodium stock solution 60 mg./ml. diluted 
1 in 25 vrith 10 per cent, ethyl alcohol 0*8 per 100 g. 
body-weight intrapeiitonealfy. 

Mjoe are particularly sensitive to cold wfailo tiiOT are uncotticioas, and 
it k in^portant that the animals be kept warm until they have retamed to 

Skkutauem m0euldii(m.---Aa assistant grasps foe loose rtia at the sapf 
offoeaedtinotiefaanduidthetnliBtheaaier. Inthiotnaniierthe aiumsl 
hi held in a fixed podtion vfoile the needle is introduced under the akm 
the root of foe taiL Amounts up to 1 mL may be mjected. 
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Imt^arUoned inoculation nuky be carried out if dbe aoinud is rimilady 
hdd sna tmn ttuneo over. For steadiness, the assistaQt’e arms diould rest 
on the table. The injection is made to one side of the middle fine in the 
lower half of the abdomen and amounts up to 2 ml. can be introduced. 

/ffitraoMoitt inoculation may be made into a vem «t the toot of the Uul if 
a fiw© licodle be used and the vein dilated by placing the tail of the 
in a* about 45® C. The maximum amount that can be injected is 
0*5 ml. for a mouse of 20 grams. A small cylindrical cage made of perforated 
zinc, and just large enough to hold the mouse with its tail protrodioe, la 
useful for this procedure. 

Intracerebral moculation.— The skin over tlw head is deansed wirii 70 
per cent alcohol and the animal is lightly anaesthetised with ether for the 
inoculation. A fine-bore needle attached to a 1-ml. syrii^^ (as used for 
intracutaneous inoculation) is employed and easily penetrates the skull. 
The site of nyection is midway between the outer canthus of the eye and 
point of attachment of the pinna of the ear at about 3 mm, from the mid-line. 
The point of the needle is carried through the skull for ^ in. to 4in. Up to 
0’05 mL of fluid can be injected with safety. 

/ntroiMsa/ moculation.— Tim should if possible be carried out in an 
inoculating chamber desigpied for the purpose for there is a risk that file 
operator may himself inhale infective material. Faifoig tins, a manfc diould 
be worn. The mouse is lightly anaesthetised with ether and as soon as its 
breathing has become deep and automatic 0*1 ml. of the inoculum is intro- 
duced into the anterior nares on one ride only. 

CoUeetion of Blood. — ^Under deep anaesthesia the afiimnl is pinned out 
and the skin over the tho^ and abdomen is reflected as for necropsy (n^ 
infrd). The great vessels in the axilla are inrised and the blood wmch weUs 
out is taken up in a sterile Pasteur pipette. An alternative and less time- 
consuming method is to displace the glove of file eye forwards and to puncture 
the retro-orbital plexus of veins with the tip of a fine Pasteur pipette which 
is foen used to take up the free-flovring blood. About 1-0 ^ may be 
obtained and the mouse may be permitted to recoi^ from the anaesthetic 
and to survive. Small samples of blood can be obtained by dipping file tail 
as in the rat. 

Inoadation of Infant Mice, — Suckling mice no older fiian 48 hr. ate 
used for file isolation of the herpes rimplex, enteric, and luhor viru^ 
Great care and cleanliness is required in handling the fitters if cannibalism 
by the mothers is to be avmded. The following injections can be usedt 
0‘03 nil. subcutaneouriy, 0*05 saL intraperitoneally, 0*03 intraoeieinnlfy. 
Sometimes the intraperitoneal and the intracerdiral routes are used togefiier 
in the animals. 

Sndl (1941) fives full details of the biology of the laboratory mouse. 


Date 

Nonmd tempentuie 
Normal reaf ar ation rate 
Oeateous cyde 
Gestetioa period . 
WesiplAgage 
Msttegane . 


RATS 

. 37*5® C.; 99*5® F. 

. 210 per min. 

. 4-5 dajrs. 

. 21-23 days. 

. 23-28 days. 

. 70-84dt^ 

. 7-9 yearly; average fitter, 7. 
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Room ten^eratufe 18'5-21^ C.; 65-70^ F. 

Humkiit; . . 45-55 per cent. 

Cages 

Rats can be housed in cages ranilar to thote used for guinea-;^. 
For details of stock and breeding cages see the UFAW Handbook (195!^. 

Feeding 

^ The dry pdlet diet No. 86 (Howie, 1952) used for mice can be used 
without suppl^entation. A plentiful supply of drinking water is essential. 

Hhndling 

Docile rats can be handled by an experienced operator in exactly the 
same w^ as guinea-pigs. Wild or vidous rats, howler, should be handled 
with the hand covered by a leather glove because thelsharp incisor teeth can 
inflict a deep wound. Alternatively the animal may be picked up by gripping 
the loose skin at the base of the n^ with tongs or biuM bladed forceps. 

Breeding 

As in mice monogamous mating may be practised hr alternatively poly- 
gamous mating used when two mues idiich have been living together for 
some weeks are placed in a breeding cage with six females; the animals 
should be 10-12 weeks old. Each female, when pregnant, is removed to a 
separate ci^ where she nests and nurses her young until they are weaned 
at the age of 3-4 weeks. After resting for two vreeks the female may be mated 
again. 

Common Diseases 

Bronchopneumonia and more rarely suppurative otitis may occur due to 
Bord, bronausepticat SireptobadBus motdUformis, streptococci, dipMieroids, 
etc. Salmonellosis (often due to S. typhsmurnm or S. enteriddis) causes a 
severe form of enterititis which may spread rapidly in a colony. Mange is a 
common parasitic infestation and is diaracterued by brownish scales on the 
akin of the ears and tail which are often encrusted with dried blood. 

Anaesthesia 

Short actii^. Ether. 

Long acting. Ether. 

(а) Adult rats. Pentobarbitone sodium stock solution (60 mg./nil.) 

diluted 1 in 10 with 10 per cent, ethyl alcohoL 0'75 

ml. per 100 g. body-weight intraperitoneally. 

(б) Young rats. Pentothal sodium stock solution (60 mg./ml.) diluted 
(under 50 g. 1 in 25. l-mL per 100 g. bo<fy-weight intraperiton- 
body-weight), eally. 

Es^mmented Procedures 

Inoculation by the subcuDmeous and intraperitoneal routes is made in a 
manner rimilar to those described for the guinea-pig. Intraveaow inocuu- 
tion mug be made into the vdn at the root of me tail. The vein riunud 
be dSbtted immerring the ta9 in warm water. Blood may be eo^lected ^ 
cardiac puiMsturo as in the guinew>p^. Small samples id Mood can be 



RATS AND HAMSTERS 


nvt 


obtain^ TO repeated oc^ona, by snipping off with very sharp scmsoib or 

a raror Wade a very smaU portion of the ^of the tafl. ^ «p wassora or 


HAMSTERS 


Drta 

Recta! temperature 
Oeatroua cycle 
Geatation period . 
Weaning age 
Mating age . 
Litters 

Room temperature 
Humidity 


Se-T-SS-S" C.; 98-101“ F. 
4-5 days. 

16-17 days. 

3-4 weeli, 

7-9 we^. 

3-4 yearly; average litter, 6. 
20-22“ C.; 68-72“ F. 

40-50 per cent. 


Cages 

Gahranised-iron cages in sheet metal or mesh are satisfactory. A con- 
venient size is 17 X 7 X 9 m. Cages of aluminium, zinc or wood are not 
suitable as hamsters may gnaw through 


Feeding 

Commermally available cubed diets for mice, rats or guinea-pigs are 
satisfactory for the basic diet but better health results when daily supple- 
ments of fresh green foods are given. Milk added to a bran and oats mgah 
IS valuable as an additional supplement for pregnant or lactating 
Fresh drinking-water must always be available. 


Breeding 

The mating of animals is best carried out under observation for the 
female after coitus may often attack the male and injure him severely. 

Diseases 

Golden hamsters are remarkably free from spontaneous disease. They 
may, however, acquire salmonella infections and mange in the animal-house. 

The golden hamster {Mecoericeius aterahtt) is susceptible to many bac- 
terial and viral infections. The animals should be handled gently and 
carehiUy, for they can inflict a deep biting wound if they are suddenfy 
disturbed Intrt^mUmeal and stAcutemeout inoadation may be carried out 
in the manner used for rats or guinea-pigs. The susceptibility of tiie faamMer 
to bacterial and viral infection is often markedly increased b^ the iqjection 
of cortisone acetate in a dose of 2 mg. per kilo body-wei|^t prior to inocula- 
tion. 


Anaestheda 

Short acting. 
Long acting. 


Pentobarbitone sodium stock solutton (60 mg./mL) diluted 
1 in 10 with 10 per cent, ethyl alodbof. 1 ml per 100 g. 
body-w^^t intraperitoneally. 


Ei^mmetaal Procedures 

InpculatiTO and Weeding is carried out in foe manner wed for guinea- 
Pigs. 



iols 
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SfiKBElS 


Data 

Normal temperature 
Gestation period . 
Weaning age 
Mating age . 

Litters 

Room temperature 
Humidity 
Weight at birth 


37-8*-39-2® C; 100-102-5® F. 
41-42 days. 

6-8 weeka, 

6-9 months. 

2 yearly; average litter, 7-8. 
15-5-18-5® C.; 60-65® F. 
50-60 per cent. 

10 g. 


Ca|j^ 

A common form is a wooden hutch 3 ft. by 1 ft. 6 i. by 1 ft. 6 in. high ; 
it is divided into two compartments by a partition ►ugh which a circular 
hole 4 in. in diameter is cut. The inner com; which is for sleeping 

and breeding, is kept dark. The outer compartaen serves as an exercise 
Tun and is provided with a hinged door with vertical bars. The hutch 
will house three adult ferrets. Individual animals experiment may 

be housed in metal cages constructed of sheet zinc fo tg an 18 in. cube 
with a perforated lid for ventilation. 

Feeding 

Each ferret requires 4 oz. of raw meat (horse flesh, li^ts, etc., are satis- 
factory) and 4 oz. fresh milk daily. 

Breeding 

The oestrous condition is easily recognised by the redness, moisture and 
tense swelling of the vulva. At this time the bitch is bmught to the dog for 
mating; if fertilisadon occurs the vulvar swelling sulMudes in about a week, 
if not the mating should be repeated. As soon as it is certain that the bitch 
is pregnant she u isolated in a separate butch. After the birth of the litter 
the mimals should on no account be disturbed for the fear that the mother 
will eat her progeny. Af^ five to six weeks when the young are able to move 
out into the exercise compartment it is safe to handle the animals. 

FMcmlkMis against kafectim 

Because ferrets are highly susceptible to the influenza and canine dis- 
temper viruses, great care is needed to prevent their accidental infection. 
Those who woik with ferrets muat be constantly aware of the p^bility of 
risk of transferring on their persons die distemjper virus from infected canine 
pets and of themselves infb^g the ferrets with influenza during the early 
stages of an illness. The risk of the worker himself being infected from 
the ferrets must also be borne in mind. 

There is a very great risk of cross infection in experimental animals 
inoculated with these two viruses and special measures r^uired to prevent 
this occurring indudb the use of specisl isolation cages with solid walls and 
the use by the woriker of rubber bo^, waterprooif ovoraHs and rubber gbves 
all of wmch are washed down with lysol after use. 

Handling 

It is advisable bef^imers to wear lealher gllofes, but 
fidenoe of die animals been won they can be ptcked up whh the bare 
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Jisnds*^ A femt diould be lifted with a steady and film gim with tb* fjn ywi s 
endvding the oech, shoulders and fore limbs while other Iwod s nopor t s 
the rump. 

Common Diseases 

OuteH^.—Ttstetn m highljr susceptible to distemper and the mortality 
is almost 100 per cent, ine manifestations of the disease are to th ote 
in the dog (p. 412). K distemper is accidentally introduced into the animal 
house all ii^ected fenets should be destroyed and the Femiaes shou^ 
vigorously disinfected. 

Po<a rot is caused by mites and occurs only if die ferrets are kept in dirty 
conditimis. It can be treated by cutting badt the daws, bathing off the 
crusts on the swollen feet with warm soap and water, and by applying a 
20 per cent emuluon of benzyl benzoate (National Formulary) or a 10 per 
cent, sulphur ointment 

Stap^lococcal and streptococcal infections and toxoplasmosis also occur. 

Experimental Procedures 

Anaesthesia 

Short acting. Ether. 

Long acting. Pentobarbitone sodium stock solution (60 mg./ml.) diluted 

1 in 10 with 10 per cent ethyl alcohol. 1 ml. per kg. 
body-weight intraperitoneally. 

Intranasal rnoculoHon , — ^Under light ether anaesthesia, as soon as regular 
resfuration is establiahed, 1-2 ml. of material can be introduced into the nates 
frtm a Pasteur pipette. Other methods of inoculation are those described 
for the guinea-pig. 


FOWLS 


Data 


Rectal temperature 
Normal renntstion rate . 
Normal pube 


41-6'’ C.; 106-9' 
12 per min. 

140 per min. 


F. 


Ca{m 

wire edges about 24 iiu tall and 20x20 tn# are awtable 
for individiial todse For further information on the bree<^ ^ 
of poul^ the reader is referred to Ministry of Agriculture Bulletihs No. 

54 and 56. 

Feeddotf 

One of tim pettet diets (“breeding" or 
metda% am be*^; it should be 

and M dements. Green foods be M two or three times a week 
grit arid fiesh water must be provided «f ». 

Qnmm Dittatts 
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typhoid**. ^ Ooeddiosis h another cause of acute enteritis {n young chifVi i, 
TiAaradom due to die avian type of M. txAtreuiom is now tdadvdy un- 
common. 

Parasitic n^aetum due to ike and red mites nu^ be controlled by the 
use of an aerosol ^rajr of 2-0 per cent piperonyl hydroxide ■fO'4 per cent, 
pyrethrum. Two applications spaced seven to ten days niart stould be used. 

Aviaa bsuosis of diree duferent t 3 rpes, lynqiWd leucosis, mydoid 
leucosis and erydiroleucous, is a very common cause of loss in poultry. 

Fsruf diseates include infectious laryngotrachcitis, fowl pest due in Great 
Britain to the Newcasde virus and also, elsewhere, to the fowl plague virus 
(see p. 406) and foud pox. 


Experimental Procedwes 

The red blood cells, serum and plasma of the dot sdc fowl are frequently 
required in virological work and it is often to keep a number of 

coraerels in the animal house. For certain types * work hens’ blood is 
unsuitable. Turkeys, ducks, geese and pigeons are sionally used and 
the day-old domestic chicken is a valuable exper hntal aninial in some 
types of infectivity studies. The use of the chicken ' If^bryo is described on 
p. 1023 et seq. 

Anaesdieaa . — It should be noted that edter anaesthesia is seldom satis- 
factory in birds and that the injection of pentobarbitone sodium in a dose of 
25 mg. per kilo body-weight intramuscularly in the thigh region gives better 
results. The anaesmetic should be given about half an hour in advance. 

Sidscutaneom inoculation is carried out in the pectoral or thigh regions. 

Inhrs^eritoneal inoculation is carried out in the mid-line between the vent 
and the posterior end of the sternum. 

Insufflation . — Infective material is dropped from a Fasteur pipette into 
the nostriL 

CsdlecHm of Blood . — If clear plasma is required, the bird should be 
deprived of food for about eight hours before bleeding. 

(a) From the Wit^ Vein . — A 10- or 20-ml. syringe with a No. 21 or 22 
gauge needle is required and it is usually necessary to treat it and the tubes 
into which the blood is to be placed vriA a solution of heparin (35 m^. per 
cent., see p. 1037). The bird is placed on its side and ^ upper mng is 
fann^ out to exp^ its under-sunace. Feathers are then pludted from an 
area over the “doow” and the large brachial vein can be seen running over 
the bone and just beneath the ddn. The area is deaned with 70per cent, 
alcohol, and when dr^ the vein is gently pierced with the needle. Great care 
must be taken to avoid passing the needle too deep and on through the far 
ride of the vein for if thu happens a large haematoma results and it becomes 
impossible to obtain any blood. 

(b) Cardiac Puncture: Method (1). — ^The bird is anaest h eti a ed and 

placed on its right side. The needle is inserted over the heart between the 
second and riiira ribs at a point dose to where the edge of the breast muscle 
canhefdt At a depth <tfl| in. the needle enters the ventride. Thumethod 
carries a risk of hug pucture and requires eiqierience before it can be wed 
with confidence. Mmod (2) is perhaips easier. Place the bird on its back, 
vnural ride uppermost, and stretdi iln nedt over dm edge of the tabk 
Flt»^ the base of the nedk and dean die ridn with akohol before. A 
ZB^nL syringe with a No. 17 or 18 gaige needle 2 in. lon|' is inaerted hoij* 
n»ta%^d^tothesfemuia; be tilted very i 

and wiB enter die heart at a depth of in. 
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%mi 




MONKEYS 


Normal temperature 
Normal pulse rate 
Normal respiration rate 
Gestation period . 
Room temperature 


ZB-r C.; 101*0^ F. 
100 per min* 

20 per min. 
months. 

20-22" C.; 68-72" F* 


Cages 

A galvanised iron cage having a floor space of approximately 3 x 4 feet 
and a height of 4 feet is required to give the animal sufficient space for 
exercise. A pmr— male and female— can be kept together in such a cage. 
The floor may be of wire mesh with a tray fitted beneath it to catch me 
excreta. A wooden board may be fitted hal^ay up the cage for the monkey 
to perch and sleep on. The d<wr fitted to the cage should be of the 
type and it should contain at its base a small hinged door through wbl^ 
food trays can be put into the cage. Both the doors should be fitted with 
padlocks. A convenient addition to this cage is the fitting of a movable 
screen or false back to the cage which can be adjusted in position so that 
the monkey can be brought very close to the bars of the cage to receive a 
sedative injection before handling. 


Feeding 

A basic diet of boiled potatoes and slice of bread covered vdth Bemax 
(vitamin B) is fed once a day and vegetables such as carrots, lettuce, turnips 
or parsnips are added aJ lib. Alternatively a pellet diet may be used (Short 
& Parkes, 1949), A lump of sugar soaked in a solution of vitamins A, C and 
D is given daily. Monkeys love oranges, bananas, grapes and tomatoes, and 
these may be fed several times a we^. Fresh water is placed in a hopper 
high up on the ^de of the cage so that it escapes fouling. 

Handling 

Monkeys can be caught directly with the gloved hands, and are held with 
their arms clasped firmly behind their backs just above the elbows. Often, 
however, it is necessary to catch them with a net. The use of barbiturate 
drugs concealed in foodstuffs or given by injection to the animal pressed 
against the side of the cage has much to recommend it. 


Coimnoft Diseases 

The ocmimoneM diaeases that monkeys contract in cavity a« 
culosia, badUary dynentery and pneumonia. Newly jrayed ammato swmia 
be kept apart for aev^ weda and observed carwully to 
they should be tuberculin tested and their faeces should be exsnuneci mr tne 
presence of pathogenic bactejia« Tuberculous monkeys conshtute a con- 
siderable risk to their attendants and if the disease is waptoedon d ^ 
gnmnda or because the tubemilm reaction » po^ve the 
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Anmthaia 

Short tctiitg. Ether or chloroform. 

Long actii^. Pentobarbitone sodiiun stock solution (60 mg.) 25 mg. 
per kg. body«wdight intraperitoneally. 

For further information on the use of monkeys see the UFAW Hand* 
book. 
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CHAPTERS? 

rm CULTIVATION OF VIRUSES 

ViRVHBS multiply only \vithin living cells and therefore cannot be g|rovm on 
inanimate artinm culture media. Settii^ ande bacteriophages, wm<h grow 
tnude bacterial cells (p. 64), the viruses with which we are concerned may 
propitiated in three vrays. TheywiUgrowinthebod^ofaHviogaaim^in 
tte membranes and tissues of the chid embryo and in the cells of tissue 
cultures. Each of these host systems has its own spedal value, but no 
one can be used succen^y for all viruses. Since they are both m<»% con- 
venient and less expense, chid embiyo and tissue cmtures have in recent 
years largely replaced the methods oif animal inoculation. Animals still, 
however, provide the only susceptible hosts for a number of viruses; for 
example, the detection of the rabies virus in routine diagnostic work depends 
on the results of mouse inoculation experiments, and most Coxsackie group A 
viruses can be demonstrated only by the lesions they produce in suckling mice. 
Ihe methods recommended for the infection of animals or their tissues with 
particular viruses are given under their appropriate headings. The technique 
for the various routes of inoculation and instructions on the care of experi- 
mental animals are described in Chapter 56. 
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Anaes^taia 

Short acdi^. Ether or chhnoferm. 

Long acting. Pentobarbitone sodium stodk solution (60 mg.) 25 m?. 
per kg. body-weight intrapertton^y. 

For further information on the use of monkeys see the UFAW Hand- 
book. 


REFERENCES 

Brucb, H. M. (1950)« Feeding and breeding of laboratory anknals. J, Hyg, {Ijmd) 
45, 70. * 

Brucb, H. M. & Parses, A. S. (1947). Observations on the feeding of guinea picn, 
(Lend.), 47, 70. 

Croft, P« G. (1962). An introdueiion to the anaesthesia of laboratory ammab* London: 
*nie Universities Federation of Animal Welfare. i 

CURNEN, £• C. 8c Horsfall, F. L. (1946). Studies onl pneumonia virus of mice 
{P.V.M.). Jf. Afsd., 83, 105. 1 

Haas, V. H. (1954). Some relationships between lynmhocytic choriomeningitis 
virus (L.C.M.) and mice. J. iV* 187. \ 

Harris, R« J. C. (1962). 77ie Problem o/ Laboratory Anmal Disease. London: 
Academic Press. \ 

Howib, J. W. (1952). Nutrition experiments in laboratory animals. J. amm. Tech. 
Ass., 2, 7. \ 

Ministry of Agriculture, Fisheries and Food. Bull. Nos. 54 and 56. London. 
H.M.S.O. 

Nigo, C. & Eaton, M. D. (1944). Isolation from normal mice of pneumotropic virus 
which forms elements^ bodies. J. exo. Med., 79, 497. 

Parish, H. J. |[1950). Notes on Communieable Diseases of Laboratory Animals. £din- 
burs^: Livingstone. 

Porter, G. 8c LAra'^PBTTER, W. (1962). Notes for Breeders of Common Laboratory 
Animab. London: Acadenniic Press. 

Short, D. }.& Parxbs, A. S« (1949). Feedingandbreedingof laboratory animals. X. 
A compound diet for monkeys. J. Hyg. (Comb,), 47, 209. 

Smith, W« (1931). The breechng, maintenance and manipulation of laboratory 
animals. A System of Bacteriology, vol. 9, 236. London: HJM.S.O. 

Snell, G. D. (Ed.) (1941). The Biology of the Laboratory Mouse. Philadelphia: 
Blakiston. 

Trade, £• (1939). Epidemiology of lymphocytic choriomeningitis in mouse stock 
observed for four years. J. exp. Med., 69, 801. 

Worden, A. N. & Lane-Petter, W. (Eds.) (1957). The VF AW Handbook on the Cm 
and Management (f Laboratory Anmuds. London: The Universities Federstion 
for Animu Welfue. 



CHAPTER 57 

IHE CULTIVATION OF VIRUSES 

“4 oano. be gftma m 

®«^“‘«'>»:terioplw»,wfichS,,w 

inside bacterial wQs (p. 64), the viruses •with which we ate tv«w»r n fd mwbe 
piopagat^ m three vrays. They will grow in the body of a Irving animJf^ Ja 
the memb^ ^ chick embryo and in the cefls of riww 

cultures. Each of these ^ mte^ has its own ^ledal value, but no single 
one can be auccesafuUy for all viruses. Since they are bl»th more^ 
venient and less rapew've, chick embryo and tissue cultures have in recent 
years lar^y replaced the methods of animal inoculation. Ani maU still, 
however, provide &e only susc^tible hosts for a number of viruses; for 
example, the detection of the rabies •virus in routine diagnostic work deprads 
on the results of mouse inoculation experiments, and most CoxsacUe group A 
viruses can be demonstrated only by Ae lesions ihey produce in anrtling m cf, 
The mcriiods recommended for the infection of animals or their tissues with 
particular i^ses arc given under ^r appropriate headings. The tftrhnigiMba 
for the various routes of inoculation and instructions on the care of experi> 
mental animals are described in Chapter 56. 


CULUVAHON of viruses in the EMERTONAim) EGG 

Fertile hen e^ are used, preferably with light-coloured shells, e.g. from 
white Leghorn birds. The shells riiould be perfectly clean. Incubation of 
the e^ must begin not later than ten days, and if possible within five days 
after being laid, and in the interval they should have been kept at a temperature 
between f 5° and 20° C. Incubation is carried out in a commercial incubator 
at 39° C. and the eggs are turned twice daily. Before inocularion, e.g. after 
seven to twelve days’ incubation, the eggs are examined by trans-illuminarion 
(“candled"); for t^ purpose a lOO-^watt lamp endosed in a box with an oval 
opting is used, awi the candling is best done in a dark room. The embryo 
which » seen as a dark shadow must be alive, as demonstrated by its spon- 
taneous movements and by the well-defined shadows of the blood vessw in 
the chorio-aBantois. The air sac can be seen at the rowded pole of the egg 
and can be ou^ned, for later guidance, by pencil maikii^ on the sh^ For 
various medtods of inoculation, the shell is cut through with a rotatidg disk 
operated by a dental drUL A •vulcanite carborundum disk can be teoc^ 
mended. Special care must be taken to avmd damage to the undeifying 
membranes and oonsequmt bleeding. Mounted dosecting needle^ fiotrosps, 
scissors, ly rin ges artrf capillary pipettes are required for the m a n t pula ti oy 
mvolvedininocolafoikglheegg. Inoculation must be carried out by an aseptic 
fochnique and with iterillbed^tTUfflents. In carrying out various manqwdiM 
tions it b fouml etmmdent to lay the en <m a triai^pilar woc^ stand 
(4x4x2 in.) whidt auiMXHts it at three punts, •with the area to be opemd 
'‘Ppermort. Aitet inoculation ^ eggs are incubated in a InictuiuogKw 
mcubitw at $5"‘-36* C. 111^ mustbe tept statiomry, resting «» (^pewti 
***cds or trays* . . , 

Inoagtm nf Us CMtHiOmtiiie Mewiraw.— The eggs m mmm^ 

«M»ally for ttedue days. In candfing, a circte tixiut 12 mou in ifiasaater » 



MEDICAL MICROBIOLOGY 


pencilkd over the area of denaeat ppadty, t.e. where the choriq-aUantoia ia beat 
devdioped and oppodte the area in the dMuio-aliantcm hiUa to line the 
inaideofthe^. Hie circular area diould not overlie aiw lai^ blood veaael. 
The ahdl ia drilled vnth the rotating didc alotq; the aidm of the drde ao marked 
out, and ia alao drilled over the centre of the air aac ao aa to make a wnaii 
perforation throu|^ the shell membrane into the sac. The drilled disk of shell 
is then carefolly removed by inserting a diasectu^ needle at one angle and 
gendy raising the cut piece of shell without damaging die shell membrane. A 
drop of normal saline is now deposited on the exposed shell membrane, and 
the membrane under the drop is split aloi^ the line of the fibres by means of a 
dissecting needle. Suction with a rubber teat is next applied to the opening in 
the air sac, and as a result the chorio-allantois recedes from die sheQ mem- 
brane, the saline being aspirated into the underlying space between chorio- 
allantois and sheQ membrane. The opening in foe foell membrane is then 


Chorle-alUntoic membrane 


Amnlotle cavity 


Shell mentbrane 


Allantoic cavity '"U 


V ? 


Ydk sac 




Air sac 


Extra-embryonic cavity ^ 
(potentsal space only) * 


Fio. 82 


Diagram of embryonated hen's egg after eleven days' incubation, to illustrate the 
various sites of inoc^ation with viruses 


enlai^ed and with a capillary pipette held vertcally the inoculum (in ^ 
amount of 0*05 ml*) ia droppra into the apace, on to the cborio-alhmtoic 
membrance The opening ia %aliy aedted with commercial transparent 
adhesive tape (“Scotch tape”) 1 in. wide. The inoculated ^ is incubated for 
aa long as necessary at foe op^um temperature for foe particular virus 
oiltivated. Afrerdus the displaced on a cottoi^wool pad (moistened with 

antiseptic solution) in an c^pen Petri dish; the seal is removed and the edge of 
foe opmng flamed with a Bunsm burner. The shell is broken off dovm to foe 
level of foe displaced dioiio-allantois, whidi is then sqiant^ 1^ cutti^ vnfo 

adsaors and caiefoUy removed, spread out in buffered ^ne in a Petri dish and 

examined for podcs against a black background. 

A Umkiic smKtifolKm.— ‘For this puipoae raga »e incubated for dm to 

devendaya. The outline of the air aac iapenciued in the process of candhng 
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^ . I: - . ^opei^g 18 sealed with melted paraffin or nail varnish. 

In^batton is carnj^ out for two days and the egg is then refrigerated for two 
to fonr to fall the embryo and obviate bleeding in later manipulattoiiE, 
For wi&drawal of the allantoic fluid, the shdl over lie air sac is <Wlled aSd 
r^ovM; the egg being supf^rted in the upright position, e.g. in an egg-cup, 
the sneU membrwe and chono-allantois in the floor of the air sac are put away 
with sassom and forceps. The fluid of the underlying allantoic sac can then 
be aspirated wth a capillary pipette. 

Antmotic inoculation ^ — Eggs are used after thirteen to fourteen days’ 
incubation. On candlii^, the densest part of the embryo is marked and a 
rectangular area (2x1*5 cm.) in the long axis of the egg is drilled at this point. 
Two further cuts of 1 cm. are made within the rectangle to form a triangle with 
the side of the rectangle towards the rounded pole of the egg, as the base. TT» 
triangular piece of shell is then removed, an opening is also made in the air sac 
and the same procedure as in chorio-allantoic inoculation is adopted to produce 
recession of riiat membrane. The remainder of the drilled rectangular area is 
finally removed and the underlying shell membrane is cut away. A part of 
the chorio-'allantois which is free from large vessels is picked up with forceps 
and opened with scissors, avoiding any damage to the amnion. This mem- 
brane is now picked up with forceps through the opening in the chorio- 
allantois and pierced with a tuberculin syringe containing 0*05-0*25 ml. of 
inoculum and about 0*1 ml. of air; a little air is first introduced to ascertain if a 
bubble forms under the amnion, and if so the inoculation is completed. The 
amnion is allowed to fall back into position, and the shell opening is sealed 
with transparent adhesive tape. 

In an aitemative method a drcle of shell 3 cm. in diameter is removed wiA 
its adherent shell membrane from over the air sac. Sterile liquid paraffin is 
applied to the inner layer of the shell membrane and through the resulting 
clear area a pfar of forceps is inserted through the chorio-allantoic membrane 
and the amniotic sac is pulled upwards. The inoculation is then made in the 
maimer described above and the egg is sealed with transparent adherive tape. 
For this method the eggs must be incubated with the rounded end uppermost 
both before and after inoculation. „ , . 

The egg is incubated for three to five days at 36^ C. The shell is th^ 
removed down to the level of the receded chorio-allantois and the lattor is wt 
away with scissors. The allantoic fluid is dramed off and the ammon is pi^ed 
up with forceps, and amniotic fluid for investigation aspirated with a capiUary 
pipette. * . 

Yolk-Sac foocwforiaif.— Eggs are incubated for five to ffine days. 
rounded pole of the egg over the air saca small groove is drmcd> aM the 
sac is inocnlstted with a syringe and 12 to 14 gauge needl^ 3 to 3*5 


egg. 0*1 to l)*5 mL ot mocuium is . 

Incuba^ is then csrried out and^ ^ is 
removed wlien dw embiyo dies. The shell is dnfle^ 
ait sac, and the shea membrane and chori^ilto^ 

cutaway. Tbeotmtems of the egg can then be turned oat into a PewaieiU 

3t 
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and since die aac membtane itadf contains a laige amount of vims, this is 
rMained for further invesdgation. * 

For further details of the techniques of egg inoculadon die reader is 
referred to a report by Beveridge & Burnet (1946). 


TISSITE CULTUBE 

The aimplificadon and refinement of tissue culture techniques in recent 
jrears has enabled many laboratories to adopt these methods and to apply them 
m a ^reat variety of fields in microbiology. Among the advances are the 
isolation of pure lines of cdls that can be propagated at will in defined 
culture media and the use of enzymes to disperse me cells of tissues and whole 
organs such as the monkey kidney. l 

Cultures of living cells provide an experimental host that possesses many 
advantsf^ over the intact animal. It is possible to urn pure clones derived 
from a single cell, to count the cells in a culture and tq^dy the metabolic 
and morpholo^cid changes that result from infection. The cell surfaces are 
direcdy accessible to invasion and they are free from me immune defence 
mechanisms snd the hormonal influences of the whole a^mal. 

For full details of tissue culture techniques see Parker (1961) and Paul 
(1960). 

^iparatut 

Glassttutre of borosilicate glass made by Pyrex is generally preferred for all 
tissue culture work but soda glass as used in medical prescription bottles is 
also satisfactory. It may be mentioned that new glasswai-e, even after very 
careful cleaning, may at first give s poor growth of cells. After it has been 
used once or twice, however, the dimculty disappears and satisfactory results 
are obtained. No eiqiianation of this h^ yet been found. Tissue culture 
glassware requires to be cleaned by special methods (see p. 861) and to be 
rinsed very uiorougfaly with ion-free distilled water (see p. 857). 

Stokers far Tissue Culture Vessels , — Red or black rubber bungs and the 
rubber liners of screw-capped bottles contain substances that are toxic to 
cells in tissue culture. The surface impurities on these stoppm can to some 
extent be removed by boiling in weak alLdi {e.g. 5 per cent, sodium carbonate), 
but even witii this precaution it is alvrays necessary to ensure that the rubber 
never touches any culture medium. This hazard can be overcome by uring 
stoppers made of silicone rubber or grey virgin rubber, which are practically 
non-toxic for cells; they are greatly to Im preferred. 

RiMer tubit^ sufifers from the same duadvantages and in generd is best 
avoided. Silicone rubber tubing is recoxnmended and is easily sterilised by 
fa€flts ^ 

Itistnmients must be kept scrupulously clean. They may be sterilised by 
dry beat or by boiling. New scalj^l blades or razor blades are often covered 
by a protective layer of grease which is toidc to cells, Th^ should be deaned 
by wiping them witii a dbth soaked in carbon tetrftchlonde before they are 
washed and sterilised. 

Filters , — Before use, Sdtz filter pads should be washed feee of slkafi and 
detac^le asbestos.fibres by the pnsa« of connderable amounts of sterile 
demineralised water. Sintered toters diould be cleaned af^ use by 
treatmart with strong add. Concentrated nil^huric add to which a fe^ 
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ctystB^ of sodiuxn ^trate and sodium chlorate have been added is allowtid to 
seep tb^ugn the niter* Afterwards the filter must be rinsed thorouefaly with 
a very large volume of de-ionised water. ^ 

to to Growth and Maintmiance of Cell8.---Mo8t media 
employ mr mcir a balanced salt solution containing a number of essential 

inorg^c ^exmcals. Smee cells form add as they grow, buffers are addi^ to 
stabilise the pH and sodium bicarbonate is also included for this purpose. 
Glucose 18 added as a source of carbon and energy, and phenol red is used as a 
pH indicator. 

Bnfancod SWt Solutioiis. — ^Double glass distilied water or demineralised 
water (see p. 857) should always be used in making up balanced salt solutions. 
The salts used should be of the highest analytical purity and the solutions 
should be kept in polythene bottles set aside spedally for the purpose. 
Phenol red is added to the solutions as a pH mdicator and is non-teme to ceUs 
in concwitrations up to 0*005 per cent. In preparing balanced salt solutions, 
care is required to avoid the formation of calcium and magnesium carbonate 
and phosphate. In order to achieve this, the calcium salt is dissolved 
separately and added slowly to the main solution in its final dilute stage. 
Hanks’ solution is one of the most useful in tissue culture work and detdls are 
given of its preparation as an example of the procedure needed. The same 
procedure is adopted for Earle’s and Gey’s solutions. 

Hanks’ Solution 

Stock solutions of the salt mixtures are convenient and are made up with 
ten times the concentration of all the components except for the bicarbonate 
solution, which is made up separately. 

Phenol Red Indicator (0-4 per cent). — Dissolve 1*0 g. phenol red in the 
minimum volume of 0*05 N NaOH and then bring the volume to 250 ml. by 
the addition of distilled water. 


Stock SobaimA: 

(1) NaCl 

. 1600 g. 

KCl 

80 g. 

MgSO.-THaO . 

• • 2-2 «• 

MgCls.eHjO . . . . 

H*0 

■ 2-0 g. 

. 800^ laL 

(2) CaQe 

. 2‘8 g. 

H*0 

. lOO'O mL 


Mix these two solutions slowly and adjust the volume to 1000 ml. with 
water. Add 2*0 ml. chloroform and store in a polythene botde at 4^ C, 


Stdek Sobiiion B: 

NaBHP 04 . 12 H 20 

KH$P04 

Glucose 

Water 

When dissolved add 

Phenol red sedation 

Water to 1000 ml. 

Add 2 ml. chloroform and store as wiA Solution A. 
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Soium BuarbmaU Sthikni 

N«HC08 * . 14 g. 

Water 100 ml. 


Sterilise by autodaving ia a container with a tightly closed screw cap for 
10 min. at 115° C. (9 lb. pressure). 

Hanlm’ solution is made by adding 1 volume of stock solution A and 1 
volunm of stock solution B to 18 volumes of distilled water. It is sterilised by 
steamii^ for 1| hr. Immediately before use add 0-5 mL of sterile 14 per cent 
NaHCOs solution to eadi 20 ml. of Hanks' solutitm. Hanks’ solution is used 
when conriderable fluctuations in pH are not antidpated and where a large 
bufiering capadty is not required. 


Gey’s Solution (1936): 

NaCl 

Ka . 

CaQt 

MgSOa.THaO . 
MgQa.dHaO . 
NaaHPOa . 2H2O 
KHPa04 . 
Glucose 
NaHCOs • 

Water 


700 g. 
0-37 g. 
017 g. 
0-07 g. 

0-21 g. 

015 g. 
0 03 g. 

100 g. 


2-27 g. 
1000 ml. 


Easir’s Solution 

As in Hanks’ solution the caldum salt should be dissolved separatdy and 
added slowly. 


NaQ 6-80 g. 

Ka 0-40 g. 

CaCls ......... 0*20 g. 

MgS04.7H80 0*10 g. 

NaHsPOa.HaO 0*125 g. 

Glucose 1*00 g. 

Phenol red sdution 12*5 ml. 

NaHCOs 2*20 g. 

Water to make 1000 ml. 


Gvft and Earle’s solutions contain greater amountsof sodium bicarbonate; 
tfa^ are usdiil when cultures produce much add or have a large cell popula- 
tion. When used for cultures with small numbers of cells thOTmiwlcMtiieir 
COs and become alkaline; such cultures need to be “gassed’’ with 5-10 per 
cent COa in air after tire medium is changed and before stoppering. 

Nutfieiit Media.— Many defirwd nutrient media have been devised 
incorporating amino adds, vitamins, enzymes, accessory gtowtii flKtors, 
gbcose and Inorganic salts in varying proportions. Tb^ are used without 
au^lementation to m ai nt ai n es t a b lish e d cultures for peri^ of tiiree or four 
da^ when odl multiplication is not required. With serum or tissue extracts 
added they are tised to tnomote the active j^uwth tii odUs. 

Tht most widdy usm defined medium is Morgan, Morton and Paricer’s 
Medium 199 (1950)-or a modification of H; it is muticolaiiy tisefiil in the 
nuuntcnance of celis for dn» j^roduction in vaodne manufacture and in 
woih trith die oitsroviruses. 
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Solution 


Mg, per 
1000 mi. 

Solution 

’ W ^ 

Mg. per 
lOOfM. 

1 

1 

Afmno Acids 

L*Arginitie 

L-Hiiddbe 

L<*LQme 

DL<*Phenylaianme 

0Lr*S6iiiie 

TNT 

70-0 

20-0 

70-0 

20-0 

50-0 

50-0 

4 

Vat Soluble Group: 
Cholesterol 

Menadione (Vit K) 
Ci^lerol 

Vitamm A 

Tween 80 

0*20 

0*10 

0*10 

0*10 

20*0 


UJL- Valine 

DLr Alanine 

Glycine 

DL-Methiomne 

DL*Tbreonme 

DL-Aspartic acid 

DL-Leueme 

DL^Iaoleucine 

L-Proline 

DL-Glutamic acid 

50-0 

50-0 

50-0 

600 

60-0 

60-0 

120-0 

«-0 

400 

lSO-0 

5 

Vitamin C Mixture : 
L-Cystcine HCl 
Glutathione 

Ascorbic aad 

0*1 

0*05 

0*05 


6 

Disodium tocopherol 
Phosphoric acid (Vit. E) 

0*01 


7 

Folic acid 

0*01 


Sodium acetate 
(anhydrous) 

10*0 

50*0 

8 

Biotin 

0*01 



9 

Adenine sulphate 

10*0 

2 

L-Tyrosine 

I L-Cystine 

40-0 

20-0 

10 

Punne and Pyramuhne 
mixture: 

Guanine HCl 

Xanthine (monosodium) 
Hypoxanthine 

Thymme 

Uracil 


t 

Vitamin B Group: 
Niacm 

Niacinamide 



0*30 

0*30 


0*025 

0*025 

11 

Adenosme tnphosphate 
(disodium) 

10*8 



0*025 

0*025 

12 

Fe(NO,),.9H,0 

0*10 


^^boflavia ^ 

0*010 

0*010 

13 

Adenyhc add 

0*20 


Ca^Pantotiienate 

i*Inoattol 

^•An^obenzoic acid 
Choline chloride 

0*01 

0*05 

0*05 

0*50 

14 

D-Ribose 

Deoxynbose 

0*50 

0*50 



Glutamine 

100*0 


Medium 199 is made up in Earfe’a balanced salt solution from tbe fourteen 
stock eolutiona given in the table. The glucose and the so^um bicarlmnate of 
the Hanln* atdutbn together with a solution of L-glutamine to give a final 
conoentrstkm of 100 mg. per 1. are added immediately b^re sterilisation ^ 
passage throv^ sinters glass filters. For the details of {oqtaradon of w 
stock sdutions reference stould be made to Morgan, Campbell and Morton’s 
paper. 

Many attend have been made to d^lify defined media of die 199 type 
and the beat of dwse ia diat devised by Eagle. This medium oontaioB only 
dtose ingredients that are essential for cdl growth nther than those needed 
for Mrttmal growth. It is una^ to suj^iott growth in die tond abaence of 
addw Moioipcial fluid. iUthough fovoured by some woiketa, it has not found 
general acceptance, for, ahhen# simpler than 199, it is sdll complA euough 
to requite mu<^ time in its pttpandon. 
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For details of E^^e’s medium and other ddined media the reader is 
referred to Faul (196^ * 

AntiUoties. — ^Nearly aU the culture media in general use contain anti- 
biotica to control chance contamination dui^ the handling of cell cultures. 
For this purpose, stock solutions of penidllm and streptomycin are held 
available in the refrigerator and are added to the media immediately before use. 
Final concentrations of SO units of sodium penicillin G and 50 ftg, of strepto- 
mycin pa ml. of the medium are sufficient for the purpose and are not tone to 
the cells. Fungal contamination may be held in check by mycostatin (nystatin 
Squibb) added to give a concentration of 20-50 /tg. per ml. but it must be 
remembered that this antibiotic is unstable at 37° C. and ffiat after twenty-four 
hours its influence is lost Neomydn or Kanamycin at concentrations of 20 
/tg. per ml. is also useful to control bacterial contamination and is particularly 
vduable against pleuropneumonia organisms which are often d^onic con- 
taminants of cell lines. . j . . 

Antibiotics in hi^h concentrations are valuable in wmmation of bacteria 
from heavily contammated tissues or from faecal material to be examined for 
the presence of viruses. Treatment of these materials for a short period with a 
solution containix^ 1000 umts penicillin, 1000 jitg. streptomydn is highly 
effective and neomydn 500 ng. per ml. is also vduable. The presence of 
antibiotic-resistant organisms contaminating material of t|iis type can best be 
overcome by determination of sensitivity of the organisms to a range of anti- 
biotics and subsequent choice of the most suitable agent. Occasionally in 
faecal emubions, antibiotic-resistant bacteria can be removed by prolonged 
centrifugation at speeds of over 10,000 r.p.m. When attemp^g to imlate 
members of the pdttacosis lymphogranuloma group sidphonamidea, penicillin 
and tetracyclines must be avoided, but rtrcptomycin in concentrations up to 
2000 ng. per ml. will control most bacterial contaminants without harming the 
chide embryo. 

The Preparation of Coltores of Cells firom Fresh Tissues 

Human Amnion Cell Culture — A placenta with its attached membranes 
is obtained following a normal delivery or preferably at a Caesarean section. 
It is important that the amnion should not be badly lacerated, that it should 
have been delivered with a minimum of handling, and that it dtould not have 
been in contact with any disinfectant. If possible the placenta diould be 
reedved directly into a wide-naouthed, screw-capped ster^ jar containing 200 

Hanks’ solution with added antibiotics. It is convenient to use placentae 
delivered in ^ early hours of the momiiffi; they should not be used after 
dj^ hours and on no account diould thqrM placed in a refrigerator. 

On receipt at the Isborstory the placmta is suspended by the cord hdd by 
Spencer Wells forcqps in a retort dan^ over a^ large st^e bowL If the 
plmenta many infarcts or if the amnion is badljr lacerated, soft or 
oedematous, it should be rejected. Qtfierwisc, dissection is b^unrt the point 
of entry of the cord and the amnion is strijpped gently downwards from the 
underiiying chorion. The whole amnion is separated and transferred to a 
Gertie fiontaining about 250 mL Hanks’ solution with added antibiotics 
After agftation tbe smaibrane is rinsed in two changes <rf the mlatfon and » 
th«a tiansfmed to a sterile 6 in. Petri dish in whka it is cut into i^ wide 
rtrips witii sterile adssora. Adherent blood and mucus serwed off th# 

surface of the strips liaiM the edges of MerUe microscope dides and we piece* 

of meudmne are tb^ puKsed in fresh Hades' aolotkuL. « i. 

When this stage k completed the strips are transfoned to a st^ fls» 
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^ 1 • 250) in Hank*' «>liitkm 

1 t^rty minutes the trypsin solution is removed and 
®S’“* TOlume of fresh solution. A stttriila 

I -^?-. S’ Stirring proceeds at tite dowest 

pos»bte »te and toe tryptic togestion u continued for two and a hdf hours. 
At half“h®urly intervi^, on three or four occasions, the cloudy supernatant 
fluid whito contaim the de^hed cells is removed and replai^ freto 
trypsin ^wtmn. The portions removed are bulked together in a flask and 
kept at 4 ^ refrigerator. It is very important that the cdls should not 

be damaged by exposure to trypsin at 37*^ C. for longer than is absolutely 
necessary. ® ^ 


When iht ^ portion of cell suspension has been added the pool is filtered 
fVimuirh a double l^er of sterile gauze and the ivhole is spun for five minutes 
1 « Bw«^t-i*caued centrifuge at 600 r.p.m. (80 G). The supernatant trypsin 
olunon 18 now discarded and the cells are resuspended in 10 ml. of fresh 
lanks^ solution. Next, a count of the number of cells in the suspension is 
aade in a haemocytometer chamber. For this purpose, 0*5 ml. of the sus* 
)en^on is added to 1*0 ml. of a 0*1 per cent, solution of crystal violet in 0*1 M 
itnc acid. In mafang the count clumps of several cells adherent to each other 
ire to be recorded as ^gle cells. Cell counts may range from 50 to 80 million 
>cr ml. The suspension is now diluted with the culture medium to be used so 
hat it contains 4^0,000 cells per ml. 

The final step is to dispense the solution in 1*0 ml. amounts into 5 x f in. 
issue culture tubes. This is carried out while the cells are kept in continuous 
igitation by the magnetic stirrer and a syringe of the ComwalF type for 
lutomatically pipetting fixed volumes is recommended for the purpose. 
\mount 8 of 50 xnl. may also be placed in suitable bottles. Tubes and botdes 
ire placed horixontaliy in the 37° C. incubator and are held stationary without 
urther disturbance for three days. 

The culture medium is changed twice weekly and it is recommended^ 
hough not essential, that, after the first change of medium on the tturd day, 
the tubes are transferred to a roller drum. By seven to ten days a sheet of ceus 
tias usually grown out and the cultures are ready for use. Some workers 
recommend the washing of the ceU sheets twice with fresh medium before 
inoculation, but this step is not essential. 

The medium recommended to promote amnion cell growth is Hanks* 
solution with 0*5 per cent, lactalbumin hydrolysate and 20 per cent, hei^ 
serum added. After the cells have been infected with virus they are main* 
tained in a m eduim comprising Earle’s solution which contains 0*5 per cent* 
lactalbumin faydrdlyiate, and 0*5 per cent, yeast extract (Yeastolate Difeo). If 
the *^ 11 ^ arc to be maintained for longer than seven days, the medium should 


also contain 5 per cent horse senun. ^ i ^ 

Se tv n dmy CWturer.— Botde cultures of ammon cells arc treated tn tne 
same way as tube cultures. It is sometimes convenient to uw a conflu^tsh^ 
of cells in a botde to set up secondary tube cultures. Ford^puiposetnecew 

are detached from the glass of the bottle by exposum for 30 min. to ttypsmait 
37® C. The i» then coimted and transferred to tubes m the way 

deacribed rf»ow« ftw toe prixnanr cuitaM*. ^ 

obttiiHdble from IL B. « Ol. 


* Idade liy Baetoa, DfckSinon A Co, 
Loodoti. 
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it i» a copmioii iMractbe to aflow the animal tn saavka for about tbm weeks 
befcm Ulltng it to obtain the other Iddnejr. After tbiainfomd, the second 
kidney is oft^ hiypertic^hied and provides an incieaaed edU yield. 

Once removes, foe kidneys are immediately decapsulated with sterile 
matrumenta and foe pdvis and calices are dissected away. With sterile long, 
handled actssors foe kidney tissue is cut into 2-3 mm. fragments which are 
rinsed twice in Hanks’ solution with added antibiotics. Next foe fragments 
are transferred to 100 ml. of 0*25 per cent, trypsin solution in Haxdss’ Solution 
warmed to 37° C. After gentle agitation for twenty minutes on a magnetic 
atmr, foe trypsin is discarded and replaced with fteah solution. At twenty- 
minute intenm on three or four occasions, foe turbid solution wifo its 
suspended cells is removed, stored at 4° C. and replaced with fresh solution. 
The pooled cell susjpensions are now gently centriraged at 80 G and the cells 
m w^ed twice with Hanks’ solution. The cell deposit is next resuspended 
in 10 ml. of foe culture medium to be used and cells are counted in a 
haemocytometer. The cell suspension is now diluted mfo culture medium so 
that it contains 300,000 cells ]»r ml. The final sten is to dispense the cell 
suspension in 1*0 ml. volumes into tissue culture tub^, in 15 nfo amounts in 
16-oz. medicine bottles, or in 80 ml. amounts in Roux bottles according to 
requirements. \ 

During active growth the cells are cultured in Hanm’ solution containing 
0*5 per cent, lactalbumin hydrolysate and 20 per cent, horse or human serum. 
(Human serum may, of course, contain antibodies that are able to inhibit 
virus growth.) During the first forty-eight hours the culture tubes are held 
stationary in a horizontal but slightly rilt^ position in racks or drums. Care 
must be taken that the culture medium does not come into contact with the 
corks of foe tubes. Once the cells are adherent to foe glass it is recommended, 
but not essential, that they are rotated in roller drums. When the cril growth 
has formed a confluent sheet, usually some four to rix days‘later, foe mefoum is 
changed to one of the maintenance type such as medium 199 and the tubes can 
then be inoculated with vims. If foe cells are to be observed for more than 
three days, 2 per cent, calf semm should be added to medium 199. 

Cell Stnifos^ — ^The cells that are obtained from disaggregated tissues or 
from fragments growing in plasma clots can usually be carri^ in subculture 
for only a few transfers. After this foe rate of multiplication declines and the 
cells die out. In some cases, however, after a variable static period there is a 
sudden outgrowth of new cells and thereafter proliferation is rapid. It is then 
possible to carry foe strain in repeated serial transfers. After such a trans- 
formation occurs and when some dozen or more successful subcultures have 
be^ made it becomes apparent that foe cells can be pro^i^ted indefinitely. 
In these circumstaxices tro cells can be considered to constitute a strain or line. 

Many cdU strains have been derived from such normal human tissues as 
liver, kidney, intestines, embryonic skin and muscle (fibroblasts), and amnion. 
Odw cell mies have been obtained from monkey kidney and sarcomatous 
tissue in foe mouse. Three ceU strains of great value mmracal virology have 
originated folmmim malignant tm TbeHeLa strain of epithelial edits was 

obtiiiiied hy Gey from a squaxmras cell carcinoma of foe cervix uteri, the 
KBstram!yEa^feomacaiciiiiomaoffoeiiyophairynx,axidtheHEp28ti^ 
bom m epffodioma. Every cell strain has its own chmacteristic j^ttpn of 
susceptHriBty to infoctxon by viruses. HeLa celli can be infected wftb an 
cfovioiis cytqpalinc effea poliovirus, foe whole group of 

adenoviruses, foe pox viruses, and by foe foaMSisiiiilexvhua; 
are not ausce^bte fo infeetbn by the Coxsamfo viruimK of groups A or B 
foe ECHO wuses. 


jA 
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gltttt. lliemaAer tube 4Rdtiu!«s n»T be tocubited ia a The 

dnim coansts of sheet metal, or a pUitic such as Peiqiex, pkri^ wiA holes 
of the i^n^niate mxe to hold die cultoie tidies and mouatM on a hoiiaontal 
shaft The drum is tilted at an ang^ of 5 dq;rees in order to prevent the 
nutrioitmedhmitouehingthestoppm of die tubes; it is rotated at a speed of 
12-20 revolutions po* hour by an electric motor fitted with a reduction 
gear. 

'nie feeding of cell strains consists simply of pipetdng off the old culture 
medium and replacing it with new. Medium may conveniendy be removed 
by means ^ a ^pette attached to a suction pump. A flask acting as a trap 
should be inserts between die pipette and the pump. A mechanical dis- 
penMr (e.g. an automatic syringe, see p. 1031) gready reduces the labour of 
adding medium to the tubes. 

Tlw m^um used for growth of the cells varies with the cell strains but the 
following is in common use: j 

H a nks * solution to which have been added 0-5 per cent, lactalbumin 
hydrolysate and O'l ^ cent, yeast extract (Difo^. For HeLa cells an 
increased yield is obtained by supplementing with 5 per cent, tryptic digest 
broth (Tomlinson, 1962). To ^s mixture 20 per tent, serum is usually 
added. Horse serum is perhaps the best for most purposes, but human, 
calf, and rabbit serum may also be used either separately or in combination 
(e.g, 10 per cent, horse serum + 10 per cent, rabbit serum). 


For maintenance of the cells medium 199 alone will suffice to keep the cells 
in good condition for periods of three to nx days, but if maintenance for longer 
periods is needed, 2-5 per cent, horse serum should be added. If it is desired 
to slow the rate of cell multiplication, Earle’s solution is used in making the 
medium and the concentration of serum is reduced by 50-75 per crat. Some 
workers also increase the sodium bicarbonate content of the medium. In the 
routine maintenance of cell strains it is convenient to handle them tvtice a 
week. On the first occasion they are fed and on the second they are detached 
from the glass and transferred to new vessels. 

Haque Techniqno en^loy the method whereby a dilute suspension of 
virus is allowed to absorb, for a suitable time, to the cells of a growing mono- 
h^er which is then overhud with moltrni nutrient agar or mi^yl cellulose. 
Ihe overlay prevents the diffusion of the virus snd its products in the way that 
occurs in fluid media; each infective particle, as it multiplies, is able to initiate 
a focus of necrosis spreadingonly to con^iuous ceils and ultimstdly gives rise 
to a dear, visible {flaque. The value of the method is that it offers a precise 
means of titrating the infoctivity of viruses whidi is then eiqinased in terms of 
plaque forming units (PFU). Thus, the virus neutralising activitia of sera 
and also of an&viral a^ts can be assessed by their abilities to inhildt plaque 

formation. The idaque is derived from a single infectious virus particle and h 

analagous to the bacterial colony. ''By tiie exdsbn of a sinidf piaque frmn a 
plate it is therefore poanble to obtsin a pure done the virus and also to 
separate it from a second virus in a mixed infection, htoy viruses fonn 
fdtaqim df differoat ahtqite and sixes and so the metihod is valuable in dis- 
0|||| (HUlillff & Mclllickg 1957^» 

In preparing cell cultum for vims mfeclinty titmtfons gteat care is 
requited tn ensure even innnobyeis of bedthy cdUs 
baM df Petri dkdiea or CastelflttIcBt or on thsaMWof bottisB* 0huu^ 

aenim Iwbeen uaed m tite odture ntedtum tite cdlaheettmiat bs iiwhad mm 

a bafamced aalt adution to ranove it. The virua fist inoeulatkni should be 
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according to the stability of tbe situs and 

Ii^Bctira of ^ monola^rers U cwried out by aUosring a predctennined 
* suitable dduUon of the infective suspension to disperse over tfae 
the moTOl^r. D^erent viruses require varying timlitoabeorb to 

^ Ai of tiSculum but1££ 

not cmeed the length of the ^pse phase of the virus concerned. With 
increa^ absorption peru^the volume of the inoculum increases: thus, for 
a abwr^n period and a monolayer in a 2i.in. Petti dish, 

mieht be reamred for the vaccmiii vima ri 

issas, - - — ~ vs*sj* a pipctic 1116 € 1 X 0 or me penoO, but tbis is 

u^ccesssry with inocula. After initial experiments the volumes and 
absorption times shcmld be standardised to ensure that a constant proportion 
of the vinia is absorbed by the cells. 

To prevent subsequent absorption of the virus and also to inhibit secondary 
plaque formation, the infected monolayers are now covered with a semi^solid 
or viscous overlay. Two methods are used : 

(dt) Melt a 3 per cent, mixture of agar (Difco Noble agar) in balanced salt 
solution, cool to 43® C. and add it to an equal volume of culture medium at the 
same tenperaturc (Hanks’ solution containing 20 per cent, horse serum or a 
maintenance medium). Some workers add neutral red to give a final concen- 
tration of 0-002 per cent ; this vital dye stains the living but not the dead cells 
and thus renders the plaques more easily virible. Quiddy cover the cell layer 
with the molten agar and set aside to soUdify. Invert the bottles and incubate 
at 37® C. Examine the bottles daily in an oblique light for plaque formation. 

This method sufFers, however, from the disadvantage ^at the acid muco- 
poly^ccharide present in agar tends to reduce plaque formation by a number 
of viruses fe.g. herpes simplex) (sec Nahmias & Obrick, 1964). 

(b) Make up E^e’s medium from the x 10 stock solution to 1-3 times its 
normm strength. To 7-5 ml. of this add 10 ml. calf serum and 15 ml. of a 5 
per cent, w/v solution of carboxy-methyl cellulose in distilled water (Russell, 
1%2). Cover the monolayer wi^ this solution to a depth of i in. and incubate 
the ^tes in a moist atmosphere containing 5 per cent. CO 2 , exercising great 
care not to disturb the cell layers. Plaques are produced in mme three to six 
days and whenever riicy are apparent me fluid overlay is discarded and the 
monolayers are fixed with fonwdehyde-saline and stained with Lei shman ’s 
stain. A count can now be made of the plaques and from the figures ob- 
tained the content of infective virus particles can be calculated. 

Cooper (1955) has described another m^od for plaque production, in 
which a cdl-virus suspension is incorporated into molten agtu. A suspenrion 
comprisii^j about 15 million cells per ml. in a culture medium made up in 
Earle’s sedution is mb^ with a dilute virus preparation and added to an e^ual 
volume of molten 1-8 per cent agar at 44® C. The mixtme is poured mto 
10 cm. Petri and incubatri, as soon as it has set, in an atmosph^ 
containing 10 oer cent. CO*. Redacement of the bicarbonate buffer tte 
meto withes per cent, “tris buffer” (2-aimno-2(hydn^--B^ji) 
1 thfe use of the CO^ oontaiimig atmosphere during 

the inimbrtion period to ^ 

is liMuenth used to demonstrate the neutraiiai^ 

pmpeiiaes of imriem 

. («) Imea^ terum and virua are nfix^yi to^er ^ ^ awtatfie 
mterm reaidiid virus nctivify b delcrinincd by plaque utrwwm. 
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^ (i) of infected with a ^andatd dose of virus are overlaid 

with mohsen agar contaimng serial dilutions of the antiserum. 

Serum dihitumt in molt^ agar are made aa in (6) but uaed to overlay 
uninfected monolayera. Virua ia applied in cupa or bMub, aa in antSbiotic 
aaaay wtuit, and to produce {daquea it muat diffiiae thro^h the antisera 
contained in the agar. 

(d) Mowdayera of cella infected with a atandard doae of virua are covered 
with an overlay of ordinary agar. Beads containing dilutions of antisera are 
now set on the surfece of the agu and wherever antibodka arc present they 
diffuse to the cells beneath to inhibit plaque formation (Busby, House & 
MacDonald, 1964), 

Eqdaatstioa ia Plaanu Clots.— A wide variety of human or animal 
tissues may be used to provide host cells for virus growth in tissue cultures. 
It is important that tissues removed at operation or at autopqr should be 
placed in a refrigerator at 4° C. without delay. As posi^le the material 

should be slic^ with very sharp instruments into pieces about 5 mm , 

thidr and then iminersed in Haims’ solution containi penicillin and strepto- 
mycin. The cells in such slices remain viable at 4' for between e^^hteen 
md thirty-six hours. Mincing of the tissues into nts of 1 mm. diameter 

is required for some t 3 rpes of cultores and may be unc with pieces of 

new razor blades held in a handle or by a fine pair of , ncer-Wells forceps. 
The fragmoits so made are rinsed several times in Hanks’ solution to free 
them from amorphous debris and are then set up in cultures as fcdlows. 

A drop of chicken plasma is placed on the side of a test-tube and is spread 
out to cover the lower half of its length. Three or four tissue fn^ments are 
next fdaced at intervals on the plasiru-coated tube. A drop of chick embryo 
extnu:t is then flooded over the fragments and the plasma is allowed to clot 
during the next five to ten minutes. Next 0*5-1 *0 ml. cujiture medium, which 
is sinular in composition to that used for HeLa cells, iv added to the tubes, 
which are then tightly stoppered and incubated at 37° C. in a rotating drum. 
T^ cultures are fed when the medium begins to become add — usually every 
third day. After a fw days, the growing cells, which may be epithelial or 
fibroblastic, migrate into the plasma and begin to grow. In three days the 
cdls have often produced enough trypnn to digest the plasma dot and to form 
a large hole in it. This may be overcome by patohing the hole with a drop of 
ftesh plaama vriiich is ^;ain made to dot by chide embryo extract Alter- 
native the action of the trypsin can be entirely checked if ^e culture medium 
contains 0*05 mg. per mL of a pure crystalline soya bean trypnn inhibitor.' 


nCKXKSICAL ILUIDS AND EXTRACTS 

Semm is a valuable ii^redient of the great majority of tissue culture medil 
Human, horse, cdf and diicken-aera are those most often used; they are 
obtained fttnn whole blood after ft has clotted. Serum must be tested for 
bacterial sterility before use and is best Stored in a deep freeze cabinet at *<30° 

C. Some sent are maikedly toxic for growing celft and it is a wise precaution 

to feft amial dilutions of each fresh b^h of serum in a number of rqilieate 
coftures of cdls. Human placental cord anrom is regarded ss being psttica* 
larly go^ for {uomoting toe growth of cells and is relative^ free from totic 
pn^MXties. 

* Available oMBmecdally feona V. A A. Howe, Pembridgs Road, lioodoe, W-H 
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CM^ Pkfm.— Blood is token from the wing vein into a sterile svrittee 
contai^sttfltoent hepann solution to give a strength of 5 units of 
per ml. bl^. Greater strengths of heparin ^Id be avoi^^^ 
pla^ thus ob^^ may not clot. The blood is discharged into a^ S 

A convenient bj^n solution is made by adding 1 ml. of heparin (Roche 
Liquemm, 1 ml = 1000 interMtional units) to 9 ml Ha^’ soluSn; it can be 
stenhsed by au^ving at 115» C. (10 lb.) for 10 min. and penkalUn and 
streptomy^ sdp^te should be added to concentrations of 500 unite and 
500 f*g. 0-5 mL of solution is sufficient for 10 ml. of blood. 

Booms Avttttotic P/wd.— -TTiis provides a valuable means of promotins the 
growth of TOSue cultures without the interfering action of specific antibodies 
present in human serum. 

An intact cow’s uterus, some three months gravid is obtained from the 
slaughter house. The contdned embryo should be between 8 and 12 inrh - f 
long. The uterine surface is flamed and carefully incised at some dependent 
point away from the embryo. The amniotic fluid is allowed to escape into a 
sterile one litre measuring cylmder. Penicillin, 100 per ml., streptomydn 
100 per ml. and mycostotin 20 units per ml. are added together with 
sufficient stock phenol red solution (04 per cent.) to give a final ennri.ntra«tftn 
of 0-002 per cent. Using asqffic methods the fluid is filtered throu^ gauze 
and then spun at 2000 r.p.m. in a straight headed centrifuge for 30 min. 
The resulting supernatant fluid is filtered through a Seitz E.K. filter, Hiap e rsed 
in small volumes in hard glass containers, stoppered, and stored at —30° C. 

Chick Embryo Extract . — ^After chilling for two hours at 4° C. nine-day-old 
embryos are removed from the eggs and washed once in Hanks’ solution. For 
some purposes it is necessary to remove the eyes of the embryos. Place the 
washed embryos in a homogenisii^ flask and add 1-5 ml. per embryo of Hanks’ 
sohilion. Add sufficient penicillin and streptomycin sulphate to give a final 
concentration of 100 units and 100 fig. per nd. Homogemse at meffium speed 
for 10 iTtin- Centrifuge the suspension at 1000 G for 10 min., transfer the 
supernatant to suitable tubes, stopper, and store at —25° C. Chick embryo 
extract is best used fresh but may be used for a week or moreafter its 
preparatioiL 

Bovine Embryo detract . — ^An embryo 4-6 in. long is obtained, cut into 
small pieces and placed in a Waring blender with an equal volume of Hanks’ 
solution. It is homogenised at high speed for 2-5 min. and the resultix^ pt^ 
IS transferred to cmitrifuge bottles and spun down. The resultant somewh^ 
turlnd supernatant is used as the extract in culture media. Some worken 
prefer to purify it further by ultra-centrifugation and as a final step to pass it 
throu^ a fine sintered glass filter. 

Test for the Aetmty of Drypstn.— -It is necess^ to check from tune to time 
the activity of the trypsin used in solutions to disaggregate the cells of titoites 
such as monl^ kidney. Thiscanbecarriedoutbypreparu^aseritoof abTOt 
10 doubliw dfiutions from 1 in 10 onwarib of the tryptin solution m ^nks 

balanced atdution. One drop trf each dilution is placed o^stnp of X-my 
film tMetiter with ime drop of Hanks’ sedution as a contrm. Tnestmistl^ 

placed on Uotting>paper in a Petri dish, cov«ed, and incuoated for 
^rto Quniitea at 37° C. Remove the strip and allow to cool to ro<«n tempera* 
hire or nm cold water over the reverse side (no film) untd ^^^ i^ 
finnly. Now flood the whole film gmtiy with cold water. Wherever trypsin 



1038 


MBDICAX. MICROBIOLOGY 


was present die |e!atm will have been digested to water*soli}ble products and a 
punched*out hole wiU appear in the film. The control area (Hanks^ solution) 
IS not dissolved at all 
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ABBREVIATIONS AND CONVERSION FACTORS 


%■ 

mg. 


=faam 

s kilogram (1 kg. =1000 g.) 

^milligram (1 mg=0*001 g.) 

Biniciogram (1 /L(g.= 0*001 mg.) 
s pound weight avoirdupois (1 lb. =453 *6 g.) 


Length 

m. =metre 

cxu. = centimetre (1 cm=0*01 m.) 

nun. =mUlimetre (1 mm.=0*001 m.) 

H =nucron (1 /i=0*001 mm.). 

m/i =millimioron (1 m/i=0*001 jtt=10 AngstrSm unit, A.) 

in. =inch (1 inch=2‘54 cm.) 

ft. =foot (1 ft.=12 in.) 


Area 

aq. in. =square inch (1 sq. in.=645 sq. cm.) 

Volume 

L =litre (1 1.= 1*76 pints) 

ml- smillilitre (1 mL=0*001 1.) 

/li. smicrolitre (1 /*1.=0*001 m.) 
oz. =fluid ounce (1 oj5,=28.41 ml.) 
cu. ft. =cubic foot (1 cu. ft.=28*3 1.) 


Temperature 

X® C. =X d^rees Centigrade 
Convemon of X® Centigrade to X* Fahrenheit: 
X® F.=1*8X° C.+32 


Time 

hr. ■■hour niin. =nunute 

Odier Abbreriatioiis 


sec. = second 


p.p.m.=pait8 per aulUon 
LD50 =average lethal dose 


N = normal (e.;. 2 N HQ) 

M =molar (eg. 0*1 M Na,CO,) 

r.p.in. -tevohi^m per minute MLD «imo^ tohal d^ 

per cent The peroeottge cwicmtr^on of sdhi^ » 

« t> w ioluie per 100 mL of solute)^ ».«. ■» P®* 

oalcw/v). 

t» rer cent (v/v)«ml. of substance per 

100 inh of mkctuie, M m gw »>**“«»• 

f?=fwree of gncviqr 
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A ANTIGEN, 245, 249 
Abb4 condeiiEer, 616 
Abbreviations, list of, 1039 
Aberration, spherical and chromatic, 612 
Abortion in catde, Brucdla abartm in, 280 
Vibiiofftm in, 269 
Abortion in ewes, enaoodc, 484 
Abortion in sheep, Vibnofstus in, 269 
Abrasive grinding in preparation of cell- 
free extracts, 874 
Absorption tests, 918 
Acetate buffer, 851 
Acetone-alcohol as decolouriser, 648 
Acetone powders, production of, 876 
Achorian galHnae, 508 
Achromatic objectives, 613 
Achromobacteraceae, 45, 46 
Acid-alcohol (for blood films), 535 
(for Ziehl-Neelsen method), 654 
Acid-fast bacilli, 42, 194 et seq. 
stain for spores, 657 
staining of, 652 et eeq. 

Acid-fastness, 15, 652 
Acidophilic l^cteria, 40 
Acquired immunity, 113 et seq. 

Acquired non-spe^c defence mechan- 
isms, 104 

Acridine oran^ R, 633 
Actinobacillosis, 307 

Actinobaeillm actinomyeetemcamitans, 307 
Aetmabacillus Ugnteresi^ 307 
mallm, 261 

AcHnemyces, 43, 303 et seq. 
aster<»des, 306 
haudetn, 306 
bovist 305 

farcinicus (nocardii), 306 
iiraeHip 303 

Aetmmycetaceaet 47, 48, 303 
AcHnmycetaleit 10, 43, 44, 47, 303 
Actinomycosis, 304 at teq* 

Active immimity, 118 (see also various 
diseases) 

Acute fblliculfur coi^unctivitis due to 
adenoviruses, 418 

Acute intestinal infectioiis, diagnosis of, 
560 

Acute pharyngitis due to adenoviruses, 
417 - 

Acute respiratory disease (A«R.D«} due to 
adenoviruses, 418 
Acute rheumatim, 152 
prevention of, ISS 
Amts tore ffiroat, diagnoais of, SS7 
AdadbiS stain, 667 
Adaptations, gg 

Adaptor, oidactivc^ 621 
Adenoviriises, 85, 414 at 
dintcal syndromes due to, 417419 
IslMitatory diagnoits, 419 


Adenoviruses, vaccination against, 419 
Adjuvants, 114, 120 
Ae^t aegypH in Yellow fever, 454 
in £>engue fever, 457 
species in Rift Valley fever, 849 
Aerobes, obligate, 36 
African horse-sicteess, 461 
African Slewing Sickness (see Trypano- 
somiasis) 

African Tick fever, 354 
Agar, 722 
blood, 745 
nutrient, 74l 
properties oi 734 
semi-solid, 7t3 
serum, 746 
types of, 735 

Ag^-block metHpd of 0rskov, 13, 804 
sra, preparation of, 917 
. Iffl, 906 

Agglutination-lysis test in leptospirosis, 
362 

Agglutination test (Broom’s) in lepto- 
spirosis, 362 
sUde, 916 

Streptococcus^ MG, 911 
tube, 907 
Vi, 911 

whey, Bf. aborUtt^ 984 
Agglutination tubes, 907 
Agglutinin-absorption in Paul-Bunnell 
test, 913 
tests, 918 
Aggressins, 105 

Air, bacteriological examination of, 993 
sampler, 993 

Akiyami (Harvest sickness), 364 
Alastrim (Variola minor), 370 (see also 
Smallpox) 

Albert's stain, Layboum's modification 
of, 655 

Albimi agar, 766 

Alcoholised bacterial suspensions, 910 
Aldehyde reaction in Leishmaniasis, 543 
Alkalescens-Dispar group of entero- 
bacteriaceae, 256 
Alkaline egg medium, 758 
Allantoic n^, antig^s, 939 
inoculation, 1024 
membrane antigens, 939 
Allergen^ 113 
Allergy, 128 

a antig^ (Stanq^ and Slone), 24$ 
Ambfymut Mmwei, 492 
Aankan (Nine Mik) Mtdn of Cm. 

hmsmmmflu iUld 

Aamo ecid decerboxybue tMt>, 824 
Aaniott, huaun, cell odtHte, 1030 
Amniotin fhiid, bovine, uee of in ti*«ue 
cultun, 1037 
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Anmiotic inocubtion, 1025 
Amo^ae, non-pathogenic, 549 t 
ataining^ of, 671 
Amodbiatia, 544 €t $eq. 

Amoebic dyaentery, S44 et $eq. 

Ampoules, maintenance of sterility of, 71 ' 
Anaerobes, facultative, 36 
obligate, 1, 36 

Anaerobic culture, methods of, 795 
jar, 36, 796 

myositis (see Gas-gangrene) 
st^tococd, 158 
Anaerobiosis, indicator of, 799 
Anaesthesia in animals, 1001 (see alsc 
various animals) 

Analysis of peptone, 735 
Anaphyiacric shock, 128 
Anaphylaxis, 128 
serum, 129 

Anatomy of bacterial cell, 16 at seq» 
Anderson’s medium, 750 
Andrade’s indicator, 813 
Angle type centrifuge, 864 
Animal inoculation, separation of mixed 
cultures by, 791 
licence, 997 
necropsy, 1003 

Animals, blood from, collection of (see 
individual animals) 
care of, 997 et $eq. 

inoculation of, 36 (see also various 
aninuils) 

Anonymous mjmbacteria, 207 
Anopheline mosquito, malaria trans- 
mitted by, 529 et seq. 

Antagonism, antibiotic, tests for, 900 
Anthm, 293 et seq, 
diagnosis of in domestic animals, 299 
immunisation of animals against, 300 
laboratory diagnosis of, 298 
Anthrophilic dermatophytes, 507 
Antibiotic action, combined, tube test to 
measure, 900 
disk test to measure, 901 
synergism and antagonism, tests for, 
900 

Antibiotics, 886, 890 
use of in tissue culture, 1030 
Antibodies, colostrum transfer of, 12'^ 
complement<*fi3Cmg, 125 
fimbrial, 247 

fluorescent, staining with, 953 
heterofdiile, 118 
nature uf, 116 
placental transfer of, 120 
production of, 116 
spedfictoof, 117 
Antibody, Forssman, US 
Antigen, A. 24$ 

0^ (Staixm alMi Stone), 245 
-antibody leactloiis, 121 et ^ 
duoreaoent demonstratio ' i et 
tee* 

B,24r 

cardlolipin, ^ 

L,24S 

3u 


t, LS, 365 
streptecocc ^ 

NP, 369 

R, streptococcal, ISO 

S, 403 
somatic, 115 

T, streptococcal, 150 
V. 403 

Vi, 116 

Antigenic characters of bacteria, 51 (see 
also wious species) 
relationsh^ of entc^obacteriaceae, 244 
Aimgens, 113 (see various organisms) 
fimbnal, 245 

as Muse of diagnostic error, 246 
flagellar, 115, 245 
K,245 

streptococcal group, 150 
tTMisplantation, 131 
Antimicrobial agents, 886 et teq» 
sensitivity tests, 891 et seq, 
titration of in body fluids, 903 
Antinuclear factor test, 955 
Antiseptics, 701 et 866 
Antisera, ^agglutinating, preparation of, 

preservation of, 918 
Antiserum, haemolytic, 934 
Anti-staphylolysin test, 142 
Antitoxin, 106 

Antiviral activity in sera, neutralisation 
tests of, 945 
immimity, 81 
substances, 102 

Aphthous stomatitis (acute herpetic 
gingivostomatitis), 385 
Apochromatic objectives, 614 
Arborviruses, 450 et seq, 

Arizona group, 236 
Arnold steam steriliser, 686 
Arthropod-borne blood infections, 111 
viruses, 450 et seq, 
groups of, 452 
Arthrospores, 505 
Arthus phenomenon, 128, 130 
Ascitic and pleural fluids, use of in tissue 
culture, 1037 

Ascoli’s precipitin test in anthrax, 299 
Ascomycetes, 503 
Ascospoies, 503 
Aseptic menii^tis, 441 
Coxsackie viruses in, 439 
ECHO viruses in, 436 
Asiatic cholera (see Cholera) 
Aspergillosis, 514 
AtjfergiUus, 513 
JW,513 
fimsgatast 514 
mger, 513 . . , 

Assay, microbiologies, 879 

Athlete’- 

Atopy, 128 

Attenuation of virulence, 108 
Aujessky’s disease (pseudo-rameS* 
Auramine O, 632 
Auto-agghitinatioflti, cold, 912 
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Autoduve, control* and sterilisation in** 
dicators, 693 

simple non*-jackete4, 688 
deficiencies of, 689 
steam-jacketed, 689 

Autoclaving of aqueous solutions and 
culture media, 703 

empty bottles and impervious con- 
tainers, 706 

Auto-immune disease, 131 
Autolysins, 21 

Autolysis of bacteria in preparation of 
cell-free extracts, 873 
Automatic filler, 726 
process control for sterilisers, 693 
Autopsy on animals, 1003 
Autotrophic bacteria, 34 
Auxotrophic bacteria, 89 
Avian pax viruses, 378 
Aside saline, 859 

Babes-Eknst granules (see Volutin 
granules) 

BabeHae (Piroplasms), 536 
BacillaeeaM^ 46, 47, 293 et seq» {Badllm), 
308 et seq, (Clostridium) 

Bacillaiy dysentery, 239 et seq, (see also 
Shijiello) 

laboratory diagnosis of, 242 
Bacille-Calinette-Gu6rin vaccine, 206 
controlled trials of, 597 
Bacilli, classification of, 42 
Gram-negative, 42 
Gram-positive non-sporing, 42 
Gram^gositive spore-forming, 42, 293, 

BaeiUus, 66-68 
addqphiluSt 162 
oehntolyticus, 162 
agtd (syn. CL welekU type B) 
anthrtieit^ 293 et seq, 
examination of shaving brushes, 
wool, etc. for, 299 
antkracoides, 302 
163 

cereiit, 301 
coli (see Etch, coli) 
megatermm, 301 
metentericus^ 301 
wycoides^ 301 
of Ducrey, 216 

avitoxicsis (syn. CL weleha type D) 
pahudit (syn. Cl. toekka type C) 
protem (see Proteus) 
pyoeyanem (see Pseudomonas) 

39, 694 

eubtUie, 301 ^ 

as p^ucer of penictUinaat, 904 

263 

Badtractn sensttivsi^ test for group A 
streptococci, 154 
Bacteria, 10 
addcphiUc, 40 
anatofov of, 16 et teq, 
anrigeoic dharactm of, 51 (see also 
various species) 


Bacteria, autolysia of, ^73 
auxotmphic, 89 
biochezntcal reactions, 50 
biological clasaificaticm of, 43 et seq, 
cell-free extracta, 873 et seq. 
classification of, 41 et seq. 
counting of, 31, 868, 96/ 
cultivatton of, 19-25 
desiccation of, 39, 806 et seq. 
drug resistance in, 891 
extraction of dried cells, 876 
growth phases, 31 
halophiUc, 40 
higher, 10, 41 

hydrojpn-ion concentration, influence 

iden^cation of, 41 et seq. 

tests employed in, 810 et seq. 
isolation in pure culture, 52 
L-forms, 29 \ 
light, influent of, 40 
lower, 41 
lysis of, 20 

measurement ^ growth, 870 
mechanical strips, influence of, 40 
mesophilsc, 38 

methods of measuring mwth, 870 
moisture, influence of, 39 
morphological study of, 12 et seq. 
morphology of, 7 et seq. 

classification by, 41 et seq. 
osmotic effects, influence of, 40 
pathogenic, invasive mechanisms of, 

photosynthetic, 30 
proton^l^, 89 
psychrophilic, 38 
radiations, influence of, 40 
sensitivity to andmicrobial agents, 891 
et seq. 

sonic stress, influence of, 40 
staining of, 642 et seq. 
temperature, influence of, 38 
thennophilic, 38 
typing of, 51 
virulence of, 107 
washing of, 866 
Bacterial adaptatiom, 88 
antigens, 113 
capsules, 17, 21 
staining of, 657 
cell, anatomy of, 16 et seq. 
coloniea, 7« 50 
counts, 31 
on urine, $65 
fermentation, 37 
fimbriae, 17, 24 
flagella, 17, 23 
demoqatration of, 660 
food poiaotung, 991 
genetics, 88 et seq. 


m, turbidity aafimacion as a 
measuiumcnt 871 


$eq- 
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Bactenoli iniaocatwules, 17, 21 
Biotility, 23 

ijiut9tion.t 88 

escamples of, 89 
induced, 90 
spontaneous, 88 
nudeua, 17 
demonstration of, 663 
nutrition, 31 et seq. 
phenotype, 88 
protoplasm, 16 
reproauction, 26 
respiratioii, 36 
slime, extracellular, 17, 21 
spores, 26 

suspension for Widal test, 910 
toxins, 106 (see vmous bacteria) 
vaccines, preparation of, 717 et seq. 
variation, 88 it siq* 
heritable, 95 
non-heritable, 95 
vitamins, 35 
Bactericidal action, replica plate method, 
899 

concentration, 154, 155 
substances as defence mechanisms, 101 
Bactericidin, 124 


Beer's L 41 W, 866 
Bejel, 349 

Bench centrifuge, 865 
Benign tertian malaria, 529 it seq, 
Berkefeld ^ters, 697 
P antigen (Mustiin), 245 
Bethesda-Ballerup group of enterobac* 
teriaceae, 256 

Bicarbonate-COe buffer, 854 
Bile culture in enteric fevers, 139 
peptone transport medium, 780 
solubility test, 156, 165 
Biliary fever in dogs, 536 
Binary fission, 10, 26 
Binocular microscope, 607 
Biochemical reactions of bacteria, 50 (sec 
also various species) 

Biological classification of bacteria, 43 et 
seq. 

false positive reactions, 347 
standardisation and measurement, 877 
et seq. 

Bipolar staining, 14 
Bitter medium, 820 
Black disease of sheep, 321 
Blackleg of cattle and sheep, 325 
Blastomyces dermatitidis, 524 


Bacteriolysis, 124 
Bacteriophage, 12, 55 
buistosize, 67 
propantiem of, 146 
reproduction of, 64 
routine test dilution of, 147 
specificity of, 67 
structure of, 60 
temperate, 67 

typing of Fseudomonast 260 
typing of salraonellae, 223, 225 
typing of staphylococci, 145 
t^ing of V. choUrae. 267 
Bacteriophage life cycles (dianam), 65 
Bacteriostatic action, replica puite method, 
899 

concentration, 154, 155 
Bacteroidaeeaet 45, 46, 289 et seq. 
Bactermditfrsqgi^, 289 
Balamuth’s mdium, 774 
Balantidial d3raen^, 550 
Balantidiosts tn pigs, 550 
BdanUdium coB, 550 
BaUotini beads, 874 
B antigen, 245, 249 
Barbitone (Veronal) buffer, 852 
Barritt'f modification oi Voges-Proskauer 
reaction, 818 

Barton^ besdU^omitt SOI 
Basic fuchain te Giim*s staining method, 
647 

Basidia, 504 
Basidioiaa^yoetei, 504 
BasJdicMqpmiea^ 

Bath, vaccifitt, 718 
^ed staWng, 14 
jeer’s <^70 


Blastomycosis, North American, 524 
South American, 525 
Blood agar, 745 
heated, 746 

collection of from 'animals (see various 
animals) ^ 
for media, 736 
culture, 800 et seq. 
bottle, 802 

Castaneda's method, 285 
examination of, 803 
in brucellosis, 285 
in enteric fevers, 225 
in leptospirosis, 771 
media for, 801 

films, thick, staining of, 535, 664 
thii, staining of, 534, 664 
Blue tongue (of sheep), 461 
Boas-Oppler bacillus, 162 
Bodies, riementary, 12, 57 
staining of, 673 
inclusion, 70 
Bollinger bodies, 70 
in fowl-pox, 379 
Bone marrow cultiue, 139 
Borate-calcium saline, 859 
Borax methylene blue, 645 
Bordet-Gengou medium, 766 
Bordetdla, 217 et seq. 
broncM^tiea, 220 
culture media for, 766 
parapertmsit* 220 

217 (see also Whooi»ng* 

cough) 

laboratory diagnose of, 218 
Piltoer B^ctioa of, WS 
Boric add-borax 853 
Bornholm disease, Ccosadue viruses m, 
439 

Borrefic,43, 
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BorteUa muerina^ 356 
bmeaUit 3Sl 
355 

dutUmi, 354 
mnvyi, 355 

reemrenUs (obermem), 353 (see 
Relapemg fever) 
refnngem, 352 
thmhri, 356 
tdmenii, 352 
Boston fmr, 436 
Botmimycosis, 141 
Bottled culture media» 724 
Bottles, milk, eacamination of, 989 
screw^capped, inoculation of, 793 
maintenance of sterility of, 715 
types of, 723 
Botulim, 336 et sag., 992 
laboratory diagnosis of, 340 
Bouin’s fluid, 676 
Bovine amniotic fluid, use of in tissue 
culture, 1037 

emb^o extract in tissue culture, 1037 
mastitis, 159 (streptococcal) 

Boyd types of dysentery bacilli, 238 et seq, 
Brax^, 320 

Brazilian ti^anosomiasis (see Trypano- 
somiasis) 

Brilliant green bile broth, 782 
MacO^ey agar, 760 
Brill’s disease (see Recrudescent typhus 
fever) 

Bromocresol purple as indicator, 814 
Bromothymol blue as indicator, 814 
Broom’s agglutination test in lepto- 
spirosis, 362 

Broth, bile, brilliant green, 782 
digest, 741 
glucose, 747 
Hartley’s, 742 
infusion, 740 
malt extract, 771 
meat infusion, 740 
extract, 741 
nutrient, 740 

peptic blood (Fildes’), 737 
Sabouraud’s, 768 
saponin, 801 
selenite F, 763 
tetrathionate, 761 
Todd-Hewitt, 749 

Brown rat in Weil*s disease, 358 et seq, 
Browne’s steriliser control tubes, 694 
Brownian movement, 24, 627 
Brown’s opacity tulm, 871 
JBrueeBei, 2S0et seq, ^ 

infections in annuals, 284 et seq, 
diagnosis of, 287 
media for, 765 
ring test m milk, 287, 983 
Bfucdh e^mtm in coVs milk, 982 
Rhodestin type, 288 
Sottdi^East France type, 288 
BrmMiceae, 45, 46, 213 m sag*, 217 at 
asg», 272 at sag., 280 et isf», 307 
Bnicelflii test, 286 
BruceQoiis, 280 ef isg. 


Brucellosis, diagnosis ^ 28S 
BrunhiJde strain of Pe/Uavirm homms^ 425 
Bubo, climatic, 480 
Bubonic plague (see Plague) 

Buffer, acetate, SSI 
barbitone (Veronal), 582 
bicarbonate-COi, 854 
boric acid-borax, 853 
carbonate-bicarbonate, 854 
citrate, 850 
citrate-phosphate, 851 
phosphate, 852 
Tris, 853 

Buffer^ salines, 858 
Buffers, 849 et seq, 
preparation of, 849 et seq, 
uses of, 849 et seq, 

Burdon’s staining method, 661 
Burke’s modifi^tion of Gram’s method. 

648 r 

Bum infection, vnodes of spread, 110 

Cabinet, deep-»eeze, 805 
protective (seeunoculatipn Hood) 
Cages for animals (see various animals) 
Calf-lymph, glyc^^ted, 373 
Calymmatobacterium gramdomatis, 292 
Canada balsam, 643 
Candida albicans t 517 
Candida, other species, 518 

identification of species, 520, 521 
Candidiasis (Moniliasis), 517 et seq. 
avian, 519 
immunology of, 523 
laboratory diagnosis, 520 
Candling of embrybnated egg, 1023 
Cane fever, 365 
Canicola fever, 364 
Canine distemper, 412 
hepatitis, 419 

Canned fo^, bacteriology of, 986 et seq. 
Cap (screw-) loosener, 793 
Capillary pipettes, 792 
Capillator for pH measurement, 847 
Capsid, 58 
Capsomeres, 59 

Capsule swelling reaction in pneumo- 
cocci, 166 

Capsules, bacterial, 17, 21 
relationship to virulmce, 105 
staining of, 657 
C antigen of streptococci, 150 
methods of exmcting, 159 et seq. 
Carbohydrate metaboliim, testa for, 811 
Carbol fiichsin, Ztehl*Neeism*s, strong, 
653 

dilute, 654 

Carbon dknctde, cultivation in an atmos- 
phere of. 799 

influence on bacterfai growth, 38 
Caibonale-bicarbonate buffer, 854 , 
Cardiac puncture of animals (see vanous 
animals) 

Ctrdkdjpin aatignii, 930 
Canntium, OSO 
Cmim, 10&>109 
CMcado impactioo tunpite, 993 
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Casein hydrokiate, 7S6 
Caewieda^ bbod culture method, 2S5 
stain, 673 
*<Cat 485 
Cat Scratdi disease, 484 
Catalase teat, 827 

Catarrhal jaundice (see Infective Hepa- 
titia) 

Catgut, surgical, sterility testing of, 720 
Cattle, East African Coast fever, in 536 
heartwater disease of, 492 
infection Cox. burnetii, 494 
infec^us icterohaemoglobinuria in, 

plague, 413 

Red Water fever of, 321 
Cell-free extracts of l^cteria, preparation 
of, 873 et sag. 

Cell membrane, 16 

suspension and dilution, fluids for. 857 
ivall, 2, 16. 20 
demonstration of, 664 
septum, 16 

Cells, tissue culture, maintenance and 
feeding of, 1033 
media for growth of, 1027 
Cellophane method (Rayner’s) of freeze- 
drying, 808 

Cellular immunity, 113, 126 
Cellulose membrane filters, 698 
Central European Tick-borne Fever, 458 
Central Sterile Supply in Hospitals, 716 
et seq. 

Centrifugal filter, 700 
method (Greave’s) of freeze-dxying, 


Centrifugation as method of measuring 
bacterial growth, 870 
as method of measuring virus size, 58 
Centrifuges, 863 
methods of use, 865 
types of, 864 

Cephedosponum ftxkiforme, 515 
Cerebrospinal fluid, findings m dtflerenl 
ty^ of menmgitis, 568 
estimation of streptomycin in, 903 
'*spider<4veb” cos^um in, 202 
Wasaermann teat on, 936 
Chagas’ disease, 536, 539 
Chamberland filtesa, 697 
Chancre, syphilitic, 344 
Chancrdd, 216 
Charcoal gdatin dadca^ 823 
Charcot-I«yden crystida, 548 
Chelating agent, 1033 
Chemical indicatora of aterilitv, 694 
methods of atenliaation, 701 u tea. 
Chick embryo eatract in tissue ciuture, 
1037 


Chicken 

K 

Chickeni 
Chick. 


f of in tiastM culture, 


Martin 


e Varioeiia) 

test (see Rideal-Walkez 

test) 

CMmatiiM mttmSL 551 

Chlorine. twatnUMrion o6 in «««» 
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Chocolate agar, 766 
Cholera, 264 et tea. 

^idemiology of, 266 
laboratory di^oaia of, 267 
p^hyUoda o^ 268 
Cholm red teactitm. 265 
Chorio^dlratoic metnbrane, inoculatron 
. 1023 

Christensen’s medium (to detect urease 
activity), 826 

Chromatic aberration, 612 
Chromatin body, 17 
Chromoblastomycosis, 516 
Chromosomes, 18, 88 
Citrate buffer, 850 
-phosphate buffer, 851 
utilisation, 829 
Cttrobacter, 46, 249, 256 
freundti, 256 

Citron bodies, 319, 322, 325, 326 
Classification of bactena, 41 et sea. 
of sugars, 813 
of viruses, 83 et seq, 

Claudius’s modification of Gram’s 
method, 651 

Cleaning of pipettes, 862 
solution for glassware, 862 
Climatic bubo, 480 
Cloaca, 249, 258 
cloacae, 259 

Clonal Election, 117, 132 
Clostridtum, as organisms of tetanus and 
botulism, 327 et seq. 
bifermentans, 324 
hotuUnum, 336 et seq. 
chauvoet, 325 
culture media for, 755 
fallax, 325 

feseri (see CL chamoei) 


MS-gangrene group, 308 et seq. 
haemlyUcum (syn. CL oedemahens type 
D), 321 ^ 

fmtolyticum, 324 
novyi (see CL oedematiens) 
oedematiens, 320 
perfringens (see CL wekkk) 
proteolytic group, 308 
saocharolytic group, 308 
septksm, 319 
sordeUii, 324 
spofogenes, 324 

table of diffnrential characters, 338 
terfiim, 325 
teiani, 327 ef se^e 
animal infections with, 336 
laboratory diagnosis of, 330 
foelckHt 311 et seq. 

Clot culture, 803 
Qubs, actinomycotic, 303 
Ckiagidase test, 137 
C^ocd, dassiflcatitm of, 41 
size of, 7 

Coeddiotaes immitit, $27 
Coccidiokkmiyoosi^ 527 


COEvini8y422 

**CoId agglutinttCion’* reacdon, 912 
Cold, oommon, 421 
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Cold storage of cultures^ etc.» SCM* 

Cole and Ondow'a ^creattc extract, 742 
Colidne^typxng of JRr. p^foeyama^ 262 
of Sh. somm^ 241 
Colidttogenic factors, 94 
Coliform badllt in milk, 978 
in water, 963 ei $eq, 
count, presumptive, 963 
Collection of sTOciinens for laboratory 
examination, 554 9t 
Collodion filters, 698 
Colonies, bacterial, 7, 50 (see also various 
species) 

counting of, 869, 968 
Colony illuminator, 968 
Colorimeter, photodectric, 866 
turbidity as measured by, 872 
Commensal Gram-negative d4>lococci, 
176 ft sag. 
parasites, 2 
Common cold, 421 

infective syndromes, laboratory diag- 
nosis of, 554 

Comparator, Lovibond, 845 
Compensating eye-pieces, 616 
Complement, 124 
-fiction, 124 
methods, 926 

test, in gonorrhoea, 175, 938 
in s^hilis, 928 
in virus d^aaes, 938 et rag* 
preservation of, 931 
titration of, 932 

Complex suspending media, 859 
Composite media for preliminary identifi- 
cation of enterobacteria, 834 
identifying patterns with, 836 
Condenser suostage, 616 et rag. 
centration of, 61 7 
dark-ground, 620 
Camfylomata aammata, 471 
Congmtal syphilis, 344 
toxoplasmosis, 551 
Conidia, 28, 504 
CQnidi<H>l^i^> 

Coidunctival infections, diagnosis of, 572 
Contact dermatitis, 130 
Contagious pustular dermatitis of sheep, 
379 

Container, Universal, 577 
for medium, 723 
Continuous flow centrifiim, 864 
Contrast enhancement, 6^ 

Controlled trials, 590 et rag* 

B.C.G. and Vole vaccines, 597 
examples of (prophylactic vaccines), 
594 at rag. 

pertus^ vaccine, 594 
politmrus vaccines, 598 
typhoid vaccines, 599 
Conversion fiurtors, various, 1039 
lysogenic, 93 

Cooiced-ineat medium, 75$ 

Com meal agar, 770 
Comeths forceps, 643 
{^rymimtfriaem$t 46, 47 
178 at rag. 


CfrynrimteHum. mm, 188 
boint, 189 

Sphthmm, 178 at rag. 
agio, 190 
hofnmmU, 188 
media for cultivation o^ 749 
mumepticwHt 190 
om, 189 
pyogenes, 190 
renale, 190 
xerose, 188 
Cough-plate, 218 

Councilman lesion (in YdJdw Fever), 455 
Counti^ bacteria, methods of, 868 et seq, 
in urine, 565 
in water, 967 
Counting Camber, 868 
Counts, Lacti^acillus, 162 
Cover-slips, cleaning of, 642 
films on, inimalaria diagnosis, 534 
in amoebic dysentery, 549 
Cotodria rundn 492 

Cow-pox, 378 

CoxiMa h , 493 et teq. (see also Q 
fever) 

Henzerling stihin of, 494 
Nine Mile strain of, 494 
Coxsackie viruses, 437 et seq. 

CPLM medium, 776 
Craigie tube, 235 

Crockery and cutlery, bacteriological 
examination of, 989 
Cryptococcosis, 516 
laboratory diamosis of, 517 
Cryptocoecm ne^^rmans, 516 
Crystal violet blood agar, 749 
Ciutivation in atmosphere with added 
carbon dioxide, 799 
of bacteria, 788 et seq. 
of cell strains for tissue culture, 1032 
of microorganisms, 722 sf seq. 
of viruses, 77, 1023 et seq. 

Culture medium, 722 et seq. 
adjustment of pH, 730 
agar, 733, 743 
Albimi agar, 766 
alkaline egg, 758 
Anderson^ 750 
Balamuth’s, 774 
bile peptone transit, 780 
Bitter, 820 
blood agar, 745 
heated, 746 
for blood culture, 801 
Bordetella, for cultivation of, 766 
Bordot-Gmigott, 766 
brilUant green bile broth, 782 
MacCcmkey agar, 760 
broth, 740 

Brucellii, for cultivatioii 0^ 765 
chooolita apr, 746 
Chriitensm^ 

ChsUridia, for the culriv^ et, 735 
oomposits, for funteinary idcntifica- 
tiottof enssrtibacteria, 834 
oontiiiiers for, 723 
oooked«»«ueat, 75$ 
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Cu)tiire medium* com meal agar, 770 
Coirytiebacteria, for cultivation of. 749 
CPLM (modified), 776 ’ 

ciyatal violet blood agar, 749 
cyanide broth, 832 
CYLG, 744 

Davis and Mingioli’s, 739 
defined synthetic, 732 
dehydrated, 739 
des^kycholate a^ar, 819 
desoxycholate citrate agar, 760 
Diamond's, 775 
digest, 741 

Dinger’s modification of Noguchi's, 774 
Dorset’s e^, 754 
Dovmie’s, 751 

egg, for preservation of cultures, 778. 
805 

Elek’s, 827 (to detect urease activity) 
EUner’s, 758 

enrichment, for typhoid-paratyphoid 
bacilli, 761 

entamoebae, for cultivation of, 774 
enterobacteria, for cultivation of, 759 
eosin methylene blue agar, 819 
fluid, disadvantage of, 723 
fungi, for cultivation of, 768 
for preservation of, 778 
gelatin, 764 
nutrient, 822 


glucose agar, 747 
broth, 747 


phosphate (for methyUred and 
Voges-Proskauer tests), 818 
glycerol monoacetate agar, 747 
saline transport medium, 780 
Hadley’s modification of Kulp Sc 
White’s Medium, 752 
Haemophilus, for cultivation of, 768 
Hartley’s broth, 742 
heted blood agar, 746 
Hiss’s serum-water, 815 
starch, 816 

horae-fiesh digest, 742 
Hoyle’s, 749 

Hyne’s modification of Leifson’s, 760 
identificatson of, 783 
infusion broth, 740 
inoculation of, 791 at reg, 
instrumenta for, 791 
June’s, 77$ 

KaufiGmann-Mliller tetrathionate broth, 
762 


Korthof’t (modified, 771 
Koser’i (modified), 829 
Kulp’e (Hadley’a modification), 752 
Lactobacslit, m culttvation of, 752 
Leiithinimlae, fior cultivation of, 777 
Levimiud’a, 768 
litmus milk, 817 
Ldfilei^t serum, 7S1 
l^bury end liny’s, 756 
Lfiwensssifl^leo^ 753 
MscConhey’iy 7S9 

fiur weter egendiistic^ 781 
malt agar, 770 

exftrseet TH 


mi 

Culture medium, meat infiraion btoth*. 

740 ' 

milk agar, 747 

Monsur’s, 764 

Morgan, Campbell and Morton’a, t(tt9 
N 753 

nutrient agar, 743 
broth, 740 
”199", 1029 

organic acid fermentation, 820 
P-aminobenzoic acid in, 747, 801 
penicillin streptomycin blood agar. 769 
peptic blood broth, 746 
peptone water, 745 
Pike's (modified), 779 
polymyxin agar, 748 
potato, 216 

preparation of, 723 et teq. 
preervation of cultures, 778, 805 
nee starch agar, 771 
Robertson’s bullock-heart, 755 
Sabouraud’s agar and broth, 768 
salt, for seletive cultivation of Staphy- 
lococci, 748 
salt milk agar, 748 
selenite F broth, 763 
semi-solid agar, 743 
serum agar, 746 

serum dextrose agar with added anti- 
biotics, 765 
serum-water, 815 
starch, 816 

Simmons citrate agar, 830 
sloppy agar, 743 
Smith’s, 755 
sodium azide, 782 
solid, 722 et seq, 

spirochaetes, for cultivation of, 771 
staphylococci, for ciiltivadon of, 747 
Stem’s glycerol fuchrin brodi, 821 
Stonebruik’s, 754 

storage and distribution of, 723 et se^ 
Str^t, pyogenes, for cultivation of, 749 
Stuart’s (modified), 773 
transport for gonococcus, 779 
sugar, 813 et seq. 

supply of blood and serum foi, 736 et 
seq, 

mthetic, 739 
Teepol lactose agar, 759 
610 phenol red broth, 974 
tellunte, 749 et seq. 

malt agar, 769 
tetrathionate, 761 
thioglycollate, 756 
Todd-Hemtt broth, 749 
tomato juice agar, 752 
transport media, 779 
tributyria agar, 388 ^ ^ 

Triemmonas vaginahs, for ciiltivaiaon 

Trypanosomes, for cultivate of, 777 

tubing of, 726 ai teq» 

use^.78S 
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Culture medium! use of p«4mino-betusoio 
edd in, 747, 801, 889 
verieties of, 732 
Vibtm, for cultivattou of, 763 
WilHs and Hobbs*, 7S7 
Wilson and Blair’s, 761 
yeast extract agar, 781 
milk agar, 781 
Zein agar, 770 
Culture, plating out of, 789 
pure, isolation of, 52, 788 
tissue, apparatus for, 1026 
Cultures, cold storage of, 804 
disposal of, 804 
mixed, separation of, 788 
preservation of, 80S et seq. 

medium for, 778 
shake, 791 

sloped, inoculatton of, 792 
stab, inoculation of, 793 
^anide broth medium, 832 
CYLG medium, 744 
Cysts, amoebic, flotation method for 
demonstrating, 548 
Cytoihegaloviruses, 465 
Cytopathic effect (C.P.E.), 78 
Cytoplasm, 17 
demonstration of, 664 
Cytoplasmic membiane, 16, 19 
Gram reaction, 15 

Danysz phenomenon, 883 
Dark-ground illumination, 620 et $eq, 
microscope, 620 et seq. 

Davis and Mingioli’s minimal medium, 
739 

DCA medium (see Desoxycholate citrate 

Dea^^« of mowth, 32 
Decline phase of grow^, 32 
Decolourising a^ts, 646 (see also 
various stming methods) 
Deep-freeae cabinet, §05 
Defence mechanisms, acquired non- 
spedflc, 104 

against infection, 101 et $eq. 

Demied synthetic media, 739 
Definition, microscopic, 612 
Degassing method of fi^e»drying, 808 
Dehydra^ culture media, 739 
Dehydration of tissue sections, 643 
Delhi Boil (see Tropical sort) 

Delouaing, 490 

Ddta-lystn, Staphylococcal, 140 
Dmineralii^ water, 857 
Dengue fever, 456 et eeq. -- 

Dental caries, 162 
Deoxyribonuclease, test for, 839 
Deoxyviruses, 58 
Depilating powder, 1011 
Demaeenter emdertcm^ 459, 491 
mmrgmaiuif 459 
ps^, 459 

Defmatitia, contact 130 
contsfioua pustular of sheep, 379 
Dermat^hytes (Ringwomi mngi), S04 
anffiiepopiiiMe «pedes, 507 


DermatophyM, goc^hilic species, 507 
Desiccatkm, infliueuce^on bacteria, 39 
DesmuAu r ofuiMiSf mariittif , 468 
Desoxycholate agar, 819 
citrate aw, 7o0 

Diagram ox embryonated egg, 1024 
DMUter, 289 
Diamond’s medium, 775 
Diarrhoea, ECHO viruses as cause of, 435 
Dichromate-sulphuric acid cleaning solu- 
tion, 862 
Dick test, 152 
Dientofnoeba fritgiUs^ 550 
Diffusion tests of sensitivity, 892 
Digest media, 741 
Diluent, veronal-NaCl, 859 
Dilute carbol fuchsin, 645 
Dilution and susf ision of cells, fluids 
for, 857 r 

Dilutions, doubung, of serum, 908 
Dinger’s medium (modified Noguchi), 
774 \ 

Diphtheria, 178 rsg 
antitoxin, 182 \ 
bacillus, 178 et ^ eq 
laboratory diamosis, 184 
media for culuvation of, 749 
recognition of colonies on Hoyle’s 
medium, 186 
toxigenicity test, 181 
epideimology of, 182 
immunisation against, 187 
prophylaxis of, 187 
toxin, 180 et sea. 
toxoid, 180, 18/ ^ 

Diphtheroid bacilli,* 188 et seq. 

colonies on Hoyle’s medium, 186 
Diplobacillus of Morax, 216 
DiplococcuSf 41 
pneumomae^ 165 et seq. 

Diseases of experimental animals (see 
various animals) 

Disinfectants, 886 et seq. (see sterilisation 
by chemicals) 

Rideal-Walker test for, 887 
testing of, 887 
Disinfection, 701 et seq. 
by ethylene oxide, 703 
of bedclothes, 713 
of rooms, 712 
of skin, 713 

Disintegrator, Mickle, 874 
ultrasonic, 875 

Disk diffusion technique of sensitivity 
testing, 894 et seq. 
qxiantitative interpretation of, 895 
Dm test to measure combined antibiotic 
action, 901 

Disks, filter-paper, colouring of, 897 
Disposal of (^tur^ 804 
Distemper, canine, 412 
DistiUed water, 857 

Dobell^s meth^ for ttaining amoebae, 
671 

Documentation of apedtnetia labora- 
tory, 581 

Doderlein*i baciUuai 162 
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nog», WliMT 536 

tuema ot meMonng ttagents, 

DeMoania grm^maU.m 
porset’t e|g mfioium, 754 
Douiioe, 541 
Downie** medium, 751 
DPX mountiiif medium, 644 
Dfftughtaman colony, 165 
Dreyer’i agglutination tubes, 968 

Dn^let-nudd, no 

Eteoplet., iKge and no 
flopping P‘P**S*» 

Drug allergy, 130 
resistance, vanation, 96 et seq, 
b bacteria, .891 
Drum-stick bacillus, 327 
Dry weight method of measunng bac- 
terial ^owth, 871 
Ducrey’a bacillua, 216 
“Dumb” rabies, 468 
Duration of immumty, 592 
Durham fermentation tube, 50, 814 
Dust, environmental, bacteriological ex- 
anunati<m of, 994 
-borne infection, 110 
Dvc-senaitivity testa for Brucdla species, 
282 

Dyes for colouring sensitivity disks, 897 
Dysentery, amoebic, 5U et rug, 
bacillary, 239 et seq. (see also Shtgella) 

balantidial, 

flotation method for cysts, 548 


Earle’s solution, 1028 
East African Coast fever m <»ttle, 536 
Eaton’s agent (sec Mycophma pfieu- 
momae) 

ECHO viruses, 436 
ECHO viruses, 433 et seq, 

ECMO viruses, 436 
ECSO viruses, 436 
Eczema herpeticum, 377, 385 
vaccinatum, 377 
Egg, ca nd li ng of, 1023 
embryonated, cultivation of viruses m, 
1023 

diagram of, 1024 
saline medium, 778 
EhrlicMa,4^ , 

Eijkman test for coliform bacilU, 967 
El Tor Vibrio, 269 
Electron microscope, 634 et seq* 
Electrophoreaia, 950 , . . ^ 

Elek’s in vitro test for ttwugemcity of C. 
c^phtherim^ tS2 . 
medium (to detect urease aebyrty), 827 
Elementary bodiea, 12, 57 (see also 
Viruses) 
staining ot h73 
Elementtwy corpuscles, 496 
Ellncr’s mdyium, 758 
Embedding of ttssues, 674 etm* 
Endocarditia, subacute hacjwial, 157 
Endogenous fofoctfon, 3, 109 
EsdbSmeg wm, 549 
Endosporot, tweterisi, 26 


Endospoms, staining of, 656 
Endotoxins, bscterud, 106 (see various 
bacteria) 

Enrichment media for typhoid* 
paratyphoid bacilU, 227 
Entamoeba 4^', 549 
gingivaliSf 550 
hartmam (Ent dispar), 550 
histolytka, 544 et seq, 
culture media for, 774 
Enteric fevers, 221 et seq* 
laboratory diagnosis of, 225 et seq, 

TAB vaccination against, 230 
Enteritis necroticans, 318 
Enterobacteriaceae, 45, 46, 221 et seq. 
antigenic relationships in, 244 
culture media for, 759 
transport media for, 780 
Enterococcus (see Streptococcus faecaUs) 
Enteropathogenic strains of Escha colu, 
250 et seq, 

Enterotoxaemia of sheep, infectious, 319 
Enterotoxin, staphylococcal, 140 
Enteroviruses, 424 et seq. 

Coxsackie viruses, 437 et seq. 

ECHO viruses, 436 
ECHO viruses, 433 et seq. 

ECMO viruses, 436 
ECSO viruses, 436 
Poliovirus hotmnis, 424 et seq. 

Enzootic abortion in ewes, 484 
hepatitis (sec Rift Valley fever) 

Enzyme repression, 95 
Enzymic inductions, 95 
Eosm method for relief staining of cap- 
sules, 659 

methylene blue agar, 819 
Eperythrozoon coccotdes, A4% 

Epidemic keratoconjunctivitis, 418 
pleurodynia, Coxsaclde viruj^ in, 439 
Epidemiology, 4 (see various diseases) 
Epidermophyton ftoccosum, 507 
Episomes, transfer of, 94 
Eppinger’s streptothnx, 306 
Eretntapodites species in Rift Valley fever, 
461 

Erysipelas, 151 
swine, 191 
Erysipeloid, 192 
Erysi^lotkriz, 191 
rkmopathsoe, 191 
muriseptica, 192 
Erythrasma, 513 

Erythroblastosis foetalis, 131 , ^ 

Erythroc^ sensitisation test m lepto- 
spirosis, 363 , 

Erythrocytic phaw in malana, 529 et seq. 
EryHatomik toxin, 151 

antigens of, 249 

freundtt, 256 

SS^SwSIso 
^SSoli — »■ 

ment of growth by, e/i 
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Ethyl hydxoaiiMwi hy4xochlorijd« (tee 
C^tochiti) 

Ethylene oxide as disinfectant^ 703 
&$pacimaksj.44 
Emnyeetet^ 503 at 
Etiropean reh^>sing fever^ 353 
typhus fever (Classical) (see typhus 
fever) 

Evolution, nutritional, 35 
Exaltation of virulence, 108 
Examination of blood culture, 803 
Exanthema, vesicular, 474 
Exflagellation of microogametocyte, 533 
£xo*erythrocytic phase m malaria, 530 et 
rag* 

Exogenous infection, 3, 109 
Exospores, 28 

Exotoxins, bacterial, 106 (see various 
ba^ria) 

Exponential phase of growth, 31 
£]q> 08 ure to sound waves in preparation 
of celi<*free extracts, 875 
Extraction of dried cells in preparation of 
cell-free extracts, 874 
Eye-pieces, 615 et $eq, 
screw micrometer, 628 

Facultative anaerobes, 36 
Faeces, collection of, 226 
fluid for preservation of padiogens in, 
226 

micro-examination of, 547 (in amoebic 
dysentery) 

Farcy, 261 
bovine, 306 

Far East Russian encephalitis, 459 
Farmer’s lu^, 515 
precipitating antibodies in, 949 
Favus, 507 

Feeding of animals (see various animals) 
Feline pneumonitis, 485 
Fermentation, bacterial, 37, 811 
tests, 35, 811 etuq. 

Ferrets, care of, etc., 1018 
Fertility factor, 94 
Feulgen test, 18 
Fibrinolysin, 105 
staphylococcal, 139 
str^tococcal, 151 

Field’s stain for malaria parasites, 668 
Fa6vte boutonneuse, 487, 491 
Fildes* agar, 746 
pqpttc digest of hlood, 737 
Finer, automatic, 726 
Fthn, making of, 642 _ 

stdbing ot, 643 

Filter, c^ukase membtm, 698 
Filter, centrifugal, 700 
Mandler, 697 

paper dt^ for sensitivity tests, 894 
oohmtingof, 897 
Filters, 697 at sag. 

BeilHsfeid. 697 
OuH^Mdttad, 697 

collodtofL698 

**-*■»- 

sMiia, 07/ 

N1]|I6MWI §PHUM|i OVS 


Filtration, sterilisation by, 696 et isg. 

technique of, 699 efiig. 

Fimbriae, bacterid, 17, 24 
haemagglutiiistion test for, 8^ 
Fimbrial antigens, 245 
as cause of diagnostic error, 246 
Fission, binary, 10, 26 
Fixation of bacteria for electronmicro- 
scopy, 638 
tissues, 674 et leg. 

Fixatives, 675 et leg. 
glutaraldehyde, 639 
Kellenberger’s method, 638 
Palade’s, 639 
Flage^a, 17, 23 
staining of, 660 
Flagellar antigens, 115 
Fleming’s nigrpsin method, 645 
Flemming’s Md, 677 
Flexner type o£ dysentery bscilli, 238 et 
seq, \ 

Flocculation te^, 123 
for syphilis, Su2 et reg. 

Flotation metl^ for demonstrating 
amoebic cysp, 548 
Fluid medium, disadvantages of, 723 
inoculation of, 793 

Fluids for cell suspension and dilution, 
857 

Fluorescein isothiocyanate, conjugation of 
antiserum with, 954 
Fluorescence microscopy, 631 
examination for tub^cle bacilli by, 202 
Fluorescent antibody, staini^ with, 953 
labels to demonstrate antigen-antibody 
reactions, 453 et teq, 
treponemal antibody test, 349 
Fluorescin production by Ps*. pyocyanea, 
260 


Fluorite lenses, 614 
Fluorochrome dyes, staining with, 632 
Fomites, 110 

Fontana’s staining method, 669 
Food-bome infection, 111 
Food Poisoning, bacterial, 991 
CL wdehUf as a cause of, 317 
investintion of, 992 
due to CL botuHnmu 336 
due to CL toelchii, 317 
due to salmonella, 231 
due to staphylococci, 992 
examination of foodstufiki in, 991 
infection type, 231 
investigation of outbreaks, 991 
due to C2, laefeM*, 317 
due to saltnondla, 233 
non-spedf^ contaminatioo in, 991 
•aimcmlla, 231 el leg. 
diagnosis of, 233 
^eniiotogyof.231 
prophylaxis of, 233 
^ilm of, 986 

Foot«ana-Moui}i disease, 472 el isg. 
Foot-rot of aheep, 290 
Forage Misofling of holses, 340 
Pmst Yaws. 543 ^ ^ 

Ponmlddiyoe m 702 
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F€»fm*U4^y4e disitifeciion, 702, 712 
Fotmidti^ 675 

Fornitmtde method of extmcting group- 
epee^ antigen, 160 
FormoUaed bacterial euepensions, 910 
Formvar caet, 637 
Forsaman antibody, 118 
in Faul>*Bunnell teat, 913 
Fort Bragg fever, 365 
Fowl peat, 406 

Fowl Myxovirus pestis- 

Fowl-pox virus, 378 
Fowls, care of, etc., 1019 
Fractionation, molecular, 876 
of bacterial components, methods for 
875, et seq. 
structure, 875 
Framboeaia (see Yaws) 

Freeae-diying, 39, 806 
Degassing method, 808 
Gr^ve^s centrifugal method of, 806 
in ooctio, preservation of cultures and 
sera by, 39, 806 

Rayner*s c^ophane method of, 808 
suspending media for, 809 
Freezing and thawing in preparation of 
cell-free extracts, 875 
Frei teat, 481 

Friedlander*s bacilhis, 258 
FTA 200 test, 956 
Fuchsin, basic, 647 
carbol, 653 
dilute carbol, 645 

Fuller’s method of extracting group- 
specific antigen, 160 
Fungi, colonies, morphology of, 503 
cwture media for, 768 
dimorphic, deep infections caused by, 
523 et sag. 

filamentous, superficial infections 
caused by, 505 

deep infections caused by, 514 
impeifecti, 504 

in tissue sections, staining of, 662 
media for, 768 
mould forms, 503 
preservation medium, 778 
slide culture (Hiddell’s) method for, 
513 

staining of, 672 
systematic classification of, 504 
yeast fckrma, 503 at $eq. 

Funnel sum, 620 
**Furioaa” rabiea, 468 
Ftttiforiw 290 

289, 352 

145 

Oametoortea, tnalam, 932 et teq. 

^^<ttnma heexiaolytlc streptococci, 149, 157 
^giobiiliiia, t» 

^«ngmie, hcsii^ 1 
^8»ig«isie» 309 al sag. 

mbomi^ pf, 321 


Gas-gangrene, organisms incriminated in, 

prophylaxis of, 323 
Gastric lavage in tuberculosis, 204 
naucin, influence on pathogenicity of 
iv. memngttuHs, 171 

OMteo-enteritis due to Esehenehia ctdi, 250 
Ubomtory diagnosis, 251 
Gel diffiaaion, 123 
tMt for Diphtheria toxin, 949 
Gelatin agar, 764 
nutrient, 822 
licmefaction, 822 
Kohn’s method, 823 

Gel-precipitin test for toxigenicity of C. 
dtphthenae, 182 

Generalised cytomegalic inclusion disease, 
465 

Generahsed vaccinia, 376 
Genes, 88 

Genetics, bacterial, 88 et sea. 

Genital herpes, 385 
tract infecuons, diagnosis of, 571 
Genotype, bacterial, 88 
German measles (see Rubella) 

Gey's soluuon, 1028 
Gwdia intestinaltSf 551 
Giemsa's stain, 666 
Adachi’s modification of, 667 
Gingivitis, 352, 550 
Glanders, 261 

Glandular fever (infectious mononu- 
cleosis), 447 

Glass beads, shaking with, in preparation 
of cell-free extracts, 874 
Glassware, cleaning solution for, 862 
preparation and cleansing of, 260 et seq. 
for biochemical work, 861 
tissue culture, 861 
Glossina mersitans, 538 
paUidipes, 538 
pdpaUs, 538 
tachinoideSy 538 
Gluconate test, 831 
Glucose agar medium, 747 
broth, 747 

phosphate medium, 818 
Glutaraldehyde fixation, 639 
Glycerol monoacetate i^ar, 747 
saline transport medium, 780 * 

Goats, heartwater disease 492 
infection with Coxteila buimtUf 494 
Gonococcus (see Neissena gonorrhoeae) 
Gonorrhoea, 173 et «sg« 
complement-fixation test in, 175, 938 
Grado^l membranes (coUodkn), 698 
Graft reactions, 131 
Gram's iodine, 650 
staining mediod, 14, 646 
Burke's modificatiofi of, 648 
C^u^us's modification of, 651 
Jensen's modification of, 649 
Kopdofi Sc Beetman’s mod^ahop 
of, 646 

mechanism of, 15 ^ 

Preston & Morrdl's modmcction of, 
651 
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Ocatn’i ioditie» Miiiiiig me^od, Weigert^s 
modification of, 650 
Granules, bacterial tndusion, 17, IS 
Granuloma venereum, 292 
Greave’s oentsifi^ mediod of freeae- 
drying, SOo 

Greif test to Jbaemdysis by F. cholerae^ 
265 

Griffith’s types of st^tooocd, 149 
Grinding with abrasive in preparation of 
cell^firee extracts, S74 
Growth fsctors, 35 
of bacteria, measurement of, 870 
phases of bacteria, 31 
Guamieri bodies, 70 
Guinea-pigs, care of, etc., 1009 
Gummata, 344 
Gutstein’s stain, 673 

Hadley’s medium (modified from 
Kulp’s), 752 
Haemagglutination, 122 
by viruses, 73, 370, 394 
fimbrial, 25, 8^ 
inhibition tests in infiuenaa, 943 
test, Middlebrook and Dubos, 205 
use of plastic plates in, 945 
Haemagglutinin, soluble, test to, 840 
HaemaphysaHs tpimgtra^ 459 
Haematin, 96 
HaemobarUmella murit, 501 
Haemoglobin solution (for Korthof’s 
medium), 772 
Haemolysins, 106 
staphylococcal, 139 
streptococcal, 151 
Haemolysis, 125 
Haemolytic antiserum, 125 
disease of the newborn, 131 
system, 125, 933 
HaemopMktt, 213 et $eq. 

€ugyptiu$, 215 

c€mu haenu^lMnopkilus^ 214 
culture memum for, 768 
ducfeyit 

haemofyticuit 214 
tnfbtewKae, 213 et $eq. 

laborat^ diagnosis, 215 
para-if^bumta, 214 
mit, 214 

vaginaUt^ non-specific uretoitis due to, 
176 

HoimotpoHdia^ $30 
Hi^Bnune's vaccine, 275 
249, 259 

Halbetstaedter-Pfowaaek bodies, 482 
Halophtlic bacteria, 40 
Hamsters, care etc*, 1017 
*’Hand, foot and mouth’* disease, 439 
Hand, spread of intotkm. 111 
Hanghig-drop prqiaratknis, 626 
Hanks* aolutiS^ 1027 
H antigen, 66 
Haptens, 114 

m anaidiyleetie shock, 129 
Hard pad diaeaae, 413 
Hartley’s broth, 742 


Harvest sidmess (Akiyami), 364 
Haverhill toer, 291 
Heaf test, 200 
Healthy carriers, 108 
Heartwater daaease, 492 
Heated tdood agar, 746 
HeLa cells, 1032 

Henaerling strain of Coe. tonstit , 494 
Hepatitis, enaootic (see Rift Valley fever) 
infectious canine, 419 
viral, 443 rag. 
canine, 419 
ducklings, 448 
mouse, 448 

Heritable variation in bacteria, 88 et seq. 
Herpangma, Coxsackie viruses in, 439 
Herpes simplex, 382 et $eq. 

laboratory dii^nosis of, 386 
Herpes viruses, p4, 382 et seq* 
Herpesvirus sitmme (Virus B), 387 
suis (Pseudorahies virus), 387 
Herpetic keratoconjunctivitis, 385 
ilitis, 385 

Heteropiule andh^ies, 118 
in Paul-Bunnelhtest, 913 
Heterotrophic bac^a, 10, 35 
Higher bacteria, 10, 41 
High pre-vacuum sterilisers, 693 
-speed centrifuge, 864 
Hikojima type of F. choUrae^ 265 
Hippolates pedHpes^ 350 
Hiss’s serum-water medium, 815 
starch medium, 816 
Histoplasma capsulatum^ 525 
Histoplasmosis, 525 
Hjarre’s disease, 250 
Hofmann’s bacillus, 188 
Hormodendnm cmpactsm^ 516 
pedrosoit 516 

Horses, forage poisoning of, 340 
Hospital gangrene, 1 
central steme supply in, 716 
Hot-air oven, 683 
Hotchkiss’s stain, 662 
Hoyle’s medium, 749 
appearance of C. diphtkeriue colonies 
on, 186 

diphffieroid bacilli on, 186 
Hugheys press in prepatadon of cell-free 
extracts, 874 
Humoral immunity, 113 
Huygens eye-pieces, 615 
Hyalutonidase, 104 
staphylococ<^, 139 
str^tococcal, 151 
test to, 839 

Hydrogen-ion concentration, influence on 
Mcteria, 39 

aulphsde productum test, 824 
supplv, 798 

Hydrophobia, 466 sf wq* 

Hyfio tuperoel, 976 
H^rsenridvity, 127 st jsg# 
in dermatomycoses, 506 
Hyphae, 9 
ooenocydc, 9 

HypogimimagicdHiUft^^ 127 





ICB 49 KBAM, bftctetiobgtcal examination 

Identatertioa of bactena, 41 et seq, 
culture media, 783 

Identify^. composite 

Illummatkwi,* dark-ground, 620 it seq. 
Imoaiu^ antibody, 116 
reaponae, 592 ^ • 

lixunumaatson (see Inumimty and various 
diseases) 

prophylactic, 590 et seq. (see also 
various diseases) 
rationale of, 590 

controlled field and laboratory studies 
of, 593 

Jijmcards of, 600 it siq> 
schwiulcs for, 601 «f seq. 

Immunity, acquired, 113 ej rag. 
active, US (see various diseases) 
antiv^, SI 
ceUular, 113, 126 
duration of, 592 
natural, 100 et seq, 
passive, 120 
reactions, 121 
specificity of, 117 
Immunodiffiwion, 946 
Immuno-electrophoresis, 947 

fluorescence, 631 , , , - . 

Immunological and serological methods, 

906 

Impetigo, 141 

Impression preparations, 14 
staining of, 663 
Inaba type of F. cholerae, 265 
Inclusion bodies, 70 
staining of, 672 
conjunettvitia, 4S3 
gramdes, 17, 18 
Incubation, 794 
Index, ncutraliaation, 945 
India ink method of demonstrating cap 
aulea, 65S 
Indian Relapaing 

Indicator of anaerobiosis, 799 


Indicator of anaerobios», 799 
Indicators, ch^cal, of sterihsatton, 694 
of pH, 813,844 ^ 
spore, cl sterilisation, 694 
sterilimon and autoclave 
Indole production, test for, 826 
test papers, 835 
Induced lym of baett*** 

celU ree extracts, 873 

enzymatic, 95 

Infantile paralysia (tee Pohomyeutis) 
Inj^c^, 100 
aUeraVk 130 

defence inecdianifmi, 101 ^ teq^ 
endogenous, 8,^ 
exogimoua, 3, 109 
laboraioiy, 111 
model of ipread, 109 
resiatanoe to, 100 
sources of, 108 . . . 

Infectioua 

ectromelia dTinicef 378 


— uriaittcsltle, 

9Zl 

laryngo-tracheitis, 391 
mononucleosis, 447 
Paui-Bunneu test in, 912 
warts, 471 

Infective hepatitis (catarrhal jaundice), 

443 

Influenza, 393 et seq. 
complement-fixation tests in, 940 
haemagglutination-mhibition tests, 943 
Infiuenzd infections, diagnosis of, 576 
Infira-red radiation, 683 
infusion broth, 740 
inoculation hood, 112, 794 
of allantois, 1024 
of amniotic cavity, 1025 
of animals (see various animals) 
of diorio-aUantoic membrane, 1023 
of culture media, 791 
of tubes, 793 
of yolk-sac, 1025 
nspissator, 732 

nstruments for inoculation of media, 791 
nterference by viruses, 74 
microscope, 631 
nterferon, 75 

atestinal infections, acute, diagnosis of, 
560 

flagellates, 550 
staining of, 671 
protozoa, 544 et seq, 
itracellular granules, 18 
lipid, 19 . L j' •7ft 

itracytoplasmic inclusion bodies, 70 
itranudear inclwion bodies, 71 
itraperitoneal inoculation of animals 
(sec various areals) 
itravenous inoculation of animals (see 
various animals) 
lulin fermentation, 165 
ivasive mechanisms of pathogenic hac- 
. teria, 104 

ivolution, 28 
damoe6a hutschlhi 

dine solutions for Gram s method, or/, 
4 649, 650 

on hacmatoxylin, 671 

olation of bactena m pure cult^, 

^ fii-n ^eiattling) rtwin of Co*Wla 
burnetii 1 494 


ixides persttlcatust 459^ lU 

ridrms in transmission of Uwpmg lu, 
^58 

tnninumoo **^”*‘** 

»ummet encep^M,^ 

Isodidae of tidn, W, 49 + 

Jar, BiwetoWc, 36, 796 
JSWAcation of GiW*. netted. 

medium for, 755 
Johmn, 211 



IHDEIC: 


medium, 775 
uiigle yellow fever, 455 

Kahk fiocculatkm teet, 347, 923 
venficatiotn test* 925 

Kela Azar, 541-543 (see also Ldskmama) 
dia^posis of, S42 
K antigens, 245, 249 
Kaposi’s disease (vartoeUiform eruption), 
377, 385 

Karber’s method for LD50, 881 
Kauiitnann^MUlier tetmthionate broth, 
762 

KCN test, 832 

Kellenbei^’s method for fixation of 
microorganisms, 638 
Kerion, 507 

Kidney, monkey, cell culture, 1031 
Killed vaodnes, 120 
Kipp’s apparatus, 798 
Klthddla, 46 
aeragmtes^ 257 
ozaena0t 258 
pneumoniae^ 258 
rfdnoscleromatis^ 258 
serologic relationship with Don. granu^ 
lomatiSi 292 

Koch phenomenon, 130, 199 
steam steriliser, 686 
-Weeks bacillus, 213, 215 
Kohler method of illumination, 619 
Kolmer’s mediod for Wassermann test, 
936 

Koplfic’s spots, 408 
Korthof’s medium (modified), 771 
Koser’s medium, 829 
Kovacs* reagent, 826 
Kraft paper, 707 
Krebs-Ringer solutions, 860 
Kulp’s m^um (mod&ed by Hadley), 
752 

Kyasanur Forest fever, 459 
Lab^Lbmco, 736 

Laboratory diagnosis of common infective 
syndrosM, 554 et teq, 
infection. 111 
Lactenin, 101 

LacUikudUaeeae, 46, 47, 161 
LaetobaeiUui^ 18, 161 
aeidophilu$t 162 
bifidus^ 163 
Mfmicitr, 162 
culture media for, 752 
Lactobactllua counts, 162 ^ 

Lactoidieno} blue stain for fUngi, 672 
Lag phase of growth, 31 
Lmb dymtery, 318 
hamdMa mtetUtump 5S1 
Lamsiclrte, 340 

Lancefield’s groups of ttseptooood, 149, 
150 

Lsne^field’t method of extracting group* 
specific sndgen, 159 
Lmising smin of 42$ 

Lsnttgem245.249 
Laryngeal swab in tubercttlosss, 204 


Layboum’s modification of Albert’s stain. 
655 

LD50, 879 

Lead acetate papers, 835 
LB ceU test, 957 
Ledthinsse, tests for, 837 
Ledthinases, 314, 322 
Leifson’s method for staining fiagella, 660 
Leiahman’s stain, 664 
LeUhnuuda hramUemiSt 543 
Letskmania dcnoeom, 541 (see also Kala- 
azar) 

culture medium for, 777 
tropicot 543 
Lens, fluorite, 614 
paper, 625 

Li^n strain of poliovirus homnUt 425 
Leprosy, 209 
bacilli, 209 
staining of,^55 
laboratory diamosis of, 210 
Leptospira^ 43, 3^8 et seq. 
australis^ 365 
autumnalist 364 
hattum^ 365 
hatamae^ 365 
hiflem^ 358 
catdcola, 364 
mppot^hosa^ 365 
hebaomadis^ 364 
icterokaemorrkagiaef 364 
media for, 771 
pomona, 365 
sefroe, 365 
nanoni, 365 
Lepus mrepsttf, 379 
L^al toxm, staphylococcal, 139 
Leucocidins, 104, 106 
staphylococcal, 139 
str^tococcal, 151 
Leucolytin, staphylococcd, 139 
Levadsti’a staining method, 670 
Levinthal’s medivm, 768 
L*£orms, 29 

relatsonahip to PPLO, 500 
StreptobaeUhis momlifarmii, 291 
Licence for animal experiments, 997 
Light-filters in microscqpv, 619 
infiuence on bacteria, 40 
microscope, 60$ et seq. 

Limbemeck, 340 
Lipase, tests for, 388 
Lipid granules, 17, 19 
intra^ular, staining 661 
staining of, 661 
•vintaes. 58 
^OLaquoid”, 801 

LiMer Inititute meduMl of pteparins 
vMoine lymidi, 373 
Uturia.m 
mtmtyutgmm, 

193, 448 

IMbtm aBd WitoBm’a flUMhod for 
LDS0,888 
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Liltoteofiliie 34 

Litmut milk. 817 
solutimi lilooholici 817 
Liv«if lulH^ in Black disease, 321 
Living aumnated vaccines. 120 
temperature* diermocouple 
tneasitfemmt o£. 694 
Lobar pneumonia, 165 et teq. 

Locke's solution. 860 
LocWasr, 327 
Lom^eUa, 261 et seq. 

261 

pseudomallei, 263 
Ldffler's serum medium, 751 
methylene blue. 645 
Logaritiunic phase of growth, 31 
Long straight wire, 792 
Loop, wi«j 791 
Loupmg III, 458 
Lovibond comparator, 84S 
Lowbury and Lilly’s medium, 756 
LOwenstein-Jensen medium, 753 
Lower bacteria, 41 
LS antiipn, 369 
Lugol’s iodine, 649 
Lymph vaccine, preparation of, 373 
vaccination with, 372 
complications of, 376 
Lymphocytic chorio-meningitis, 464 
Lymphogranuloma inguinale (see Lym- 
phogranuloma venereum) 
venereum, 480 
Lyophilisation, 39, 806 
Lysin, staphylococcal, 140 
Lysogenic conversion, 93 
Lysozyme, 102 


Macchiavbixo’s method for staining 
jRkkattfiae^ 674 

MacConkey’s bile aah medium, 759 
for water escamination, 781 
McCrady'a pto^bUity tables, 964 
McFadyean’s reaction, 294 
McIntosh and Fildes’ anaerobic jar, 36, 
796 

simple form of, 797 
McL^d*s medium, 229 
M antigen of strep tocooci, 150 
Macrooonidia, 510 
Macro^gsaxietocyte, 532 
Mad 387 
Madura i^t, 307, SIS 
Madurdia myemrni, 515 
gmei,nS 

Madummveoaia. 515 
Magnethm flbwwidtewe to tdation to 
Gran MMitoa, IS 

Magaificattoa, MS to Mf « , . . ... 

Mahomjr towto of «5 

Miladiilo ftooto u oowaentito, 655 
ttouttoii lar I 4 ntotoim, 753 

■w^btotoo m ooa q it o M to« S29, 531 
diagn oala of* SS4 ^ ^ 

lag. 


MaUmmafuffur, 523 
Mai de Caderas, 541 
Malignant malaria, 530 et seq, 
pustule, 294 
diagnosis of, 298 
Mallein, 263 

Malonate utilisation test, 831 
Malt agar medium, 770 
extract broth, 771 
Malta fever, 280 
diagnosis of, 285 
Mandler filter, 697 

Mannose, inhibition of fimbrial haem- 
agglutination by, 25 
Mann’s methyl-blue eosin stain, 672 
Mantoux test, 200 
Margetropus decohratus, 356 
Mastigophera, 536 
Mastitis, bovine (streptococcal), 159 
(due to C pyogenes)^ 190 
Maurer’s dots, 533 

Maxted’s method of extracting group- 
specific antigen, 160 
Measles, 408 et seq. 
virus of, 408 

Measurement of virulence, 879 
Meat extract, 736 
extract broths, 741 
infusion broths, 740 

Mechanical barriers as defence mechan- 
isms, 101 

stage of microscope, 605 
stress, influence on bacterm, 40 
tube length, 608 
Mediterranean fever, 487, 

Medium (see Culture medium) 

Medusa head colony, 294 
; MEFl strain of PoUovirus homims, 425 
Melioidosis, 263 

Membrane, chorio-allantoic, inoculation 
of, 1023 

cytoplasmic, 16, 19 
in Gram reaction, 3, 9 
filters, in examination of water and 
sewage, 972 
membranes for, 698 
Meningitis, aseptic, 441 
diagnosis of, 566 
due to H, inflaenzae, 213, 215 ^ 
lymphocytic chorio-, 464 
pneumococcal, 167 
tuberculous, 197 ^ ^ 

Meningococcus (see NetwSfiC itmitw* 

Mcicum^^oride-lbrmalm solutton, 676 
» Merozoites, malaria, 530 ei seq* 
Merthiolate, 701 ^ 

Mesophilic bactery, 38 
►5 Mc 80 »omes, 17, 19 

Metachromattc granules (see V<MUtm 
granules) 

Metallic aalta as 
a) Meter for BteaaiyemePt to 

«{ borax, 6*S 

ptoydteome, 645 
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Med^ylene blue, mctoi of MoBwIyeiai, 
294 

reductioii test for milk, 979 
Melbyl red reactioai 817 
violet stem, 647 
Mice, care of, etc., 1012 
Midde ditmtemtor, 874 
Micro^amphuic bacteria, 37 
Microbial b:i^raenaitiiiity, 130 
MicrobioloAcal assay, 879 
Microcapsiiies, bacterial, 17, 21 
Mitrocoecaceae^ 46, 47 
Mieracoeem^ 41 
fetro^efiNS, 145 
ureotf, 145 
Microoonidia, 510 

Micro*-culture method for fiingi, 513 
Myco, tuberadom^ 204 
Micro«gametocyte, 532 
Micrometry, 627 €t $eq. 

Micron, 7 

Microorgwsms, autotrof^hic, 34 
cultivation of, 722 at seq, 
definition of, 47 
photosynthetic, 10 
saprophytic, 8 si ieq, 
vinilence of, 107 
Microscope, binocular, 607 
care of, 624 si teq» 
centration of condenser, 617 
component parts of, 606 
condenser, 616 
centration of, 617 
dark*ground, 620 
dark*gmund, 620 si seq. 
definition, 612 

directions for use of, 623 et seq. 
electron, 634 si sag. 
eye-pieces, 615 si $eq. 
fiuorescence, 631 
fluorite lenses, 614 
high-intensity lamps for, 618 
illumination, 617, 619 
dark-ground, 620 tt teq* 
incubator, 13 
lens paper, 625 
light, 605 si sag. 

Inters, 619 

magnification, 608 at tag. 

meoiamcai sOige, 605 

monocular, 605 

objectivea, 613 et seq. 

plate culture, 790 

reiiolvixig power, 611 

apectficawm &£, for routine work,'6^17 

uae of, 623 ai tag. 

warm stance, 627 

use of m amoebic dysentery, 548 
use of in malaria diagnosis, S35 
bOcroseopy, 605 et seq. 
electron, 634 
pbase-ccmtrast, 629 et aaa. 
Mhrmpmm msdommi^ 507 
atwdt, 807 
eqttimsm,m 
gypseim, 508 
mmaatMetes, 48 


Middlebrook and Ilifl>oS*s haemagglu. 

tination test, 205 
Miles and Misra^S method, 870 
Milk agiu medium, 747 
bacteriological standards for, 977 
bacteriobgtcal tests for, rationale of, 979 
bottles, examination ^ 989 
Br. sbirtus in cow’s, 982 
brucella ring test for, 983 
coliform ba^ii in, 978 
estimation of viable bacteria In, 978 
examination for tubercle bacilli, 982 
examination of, 976 et seq. 

media for, 781 
methylene blue test for, 979 
pasteurised, phosphatase test for, 981 
sampling of. 977 
sterilised, turbidity test for, 982 
tubercle ba^i in, 982 
whey agglutmation test for Br. abortus, 

MINIA. 409 

Minimal mediu i of Davis and Mingioli. 
739 

Minimum ]ethal\dose, 879 
Mixed cultures, mparation of, 788 
Miyagatoanella (see Psittacosis) 

M^es of spread of infection, 109 
Moisture, influence on bacteria, 39 
Molecular fractionation, 876 
Moller’s KCN medium, 832 
MoUuscum contagiosum, 377 
Moniliasis (see Candidiasis) 
Monkey-Intra-Nuclear Inclusion Agent, 
409 < 


kidney cell culture, 1031 
Monkeys, care of, 1021 
Mmosporium apiospemmm, 515 
Monsur'a medium, 764 
Montenegro’s test, 544 
Mcraxellat lacunata, 216 
liquefaeienSf 217 

Morgan, Morton and Parker’s medium 
(199), 1029 

Morphology of bacteria, 7 el seq. 

deification by, 41 et seq. 

Mosquito, anepholine, malaria trans- 
mitted by, 529 

Motility, microscopic examination for, 
626 

semi-solid agar to detect, 833 
Motilitv, bacterial, 23 
ofspirochaetes, 343 
Moulw, common saprophytic, S04 


Mouse protection test, 884 
Mouth-piece lor opening, 909 

Mucifi, gastric, infleioe cm padiogemcity 

^N.meekigitiSii,m 
Mmer, 516 

Mucormycosis, $16 , 

Multiple-j^reseeiiietliQd of vacomstion, 

Mumps (see Mymsdrm 
Murijou fmeunimlki, 485 
typhus, 487, in , , 

MumIs, examtimtlcm of, Big^ 
for, 985 
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Mutation m bactem, gg ^ 
in vinues, gO 
Mycelium, 503 
Mycetoma, 307, 51$ 

Mycobacteria, atypical, 207 
definitioii of , 1^ 

of ulcerative leaiona in human subiect 
207 * 

saprophytic and commensal, 20g 
Myeobacteriaceae, 47, 48, 194 et sea, 
Mycobacterium, 194 et $eq, 
avium, 20S 
babm, 207 

culture media for, 753 
johuet, 210 
leprae, 209 
lepraetmmum, 210 
paratuberculosis (sec Myco, johnei) 
phlei, 208 
piscium, 209 
sm^matis, 208 
tuberculom, 194 et teq, 
bovine type, 196 
cultivation of, 202 et seq, 
human type, 194 

testing aensitivity to antimicrobial 
drugs, 901 
var. mum, 209 
uUeram, 207 

Mycolic acid in relation to acid-fastness. 
15 

Mycoplasma agalactiae, 498, 499 
fermentOHs, 498 
galUnarum, 498 
galUsepticum, 499 
hominis, 498 
mycoides, 498 
animal pathogenicity of, 
pneumomae, 420, 495 
salivarium, 498 

MycoplamaiaUt, 11, 45, 48, 495 
Myocarditis, neonatal, Coxsackie viruses 
in, 437 et seq, 

Myrmecia, 471 
Myxomatosis, 379 
Myxoviruses, 84, 393 et seq. 
influenzae, A, B and C, 393 et 
ant^|enic variatkm and immunity to, 

epidi^ology of, 399 
prophylaxis aga^, 400 
structure of, 3% 
variation of, 398 

mult^ome (Newcastle disease virus), 
406 

pararinfluemae, 401 et seq. 
paroUtsSt, 403 et seq. 
pestis-gaUi (Fowl Plague virus), 406 

Naoana, $40 

Naglcr*! reaction, 314,322 
Nairobi sheep disease, 461 
Naples strain of iatid% ^Sver virus, 460 
Nassau’s method of eonoefttritiiig tuberde 
badlli in specimens, 

203 

Natural imiminiiy, tOO at eeq* 

3x 
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Necrobacillosis, 290 

staphylococcal, 139 

Negative staining, 14, 645 
^sm method, 659 
Fleming’s nigrosin method, 645 
for electron microscopy, 640 
India mk method, 658 
Negri bodies, 70, 467 
Neisseria, 41, 169 
catanhaUs, 176 
detinition of, 169 
flava, 177 
flttvescens, 177 
gononhoeae, 169, 111 et seq. 
laboratory diagnosis of, 174 
oxidase reaction of, 175 
group, fementation reactions of. 176 
memngtttdis, 169 et seq. 
animal pathogenicity of, 171 
inguence of gastric mucin on. 171 
groups of, 170 
laboratory diagnosis of, 171 
oxidase reaction, 170 
mucosa, 177 
sicca, 177 

Neisseriaceae, 46, 47 
Neisser’s staining method, 656 
Neonatal myocarditis, Coxeackie viruses 
in, 437 

Nephritis, acute glomerulo-, 152 
prevention of, 156 
Neutralisation, 29 
index, 945 

Neutral red sa counterstain, 649 
Newcastle disease virus (see Myxovirus 
muldforme) 

Newton’s rings, 869 
Niacin test, 833 
Nicholau’s stain, 674 
Nigrosin method, Fleming’s, 645 
Nine Mile strain of Cox. bumetd, 494 
Nitrate reduction test, 830 
N.N.N. medium, 777 
Nocar dia, 43, 306 
asteroides, 306 
farcmca, 306 
madurae, 307 

Non-specific defence mechanisms, 101 
urethritis, 175 

Normal flora as defence mechanisms, 101 
North American blastomycosis, 524 
NP antigen, 369 
Nuclear body, 17 
demonstration of, 663 
Nucleus, bacterial, 17 
demonstration of, 663 
Numerical aperture, 610 
Nutrient agar, 743 
broth, 740 

Nutrition of bacteria, 31 et seq. 
Nutridonai evolution, 35 

OsjBcrxvB adaptor, 621 
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Objectives^ achromatic» 613 
apochfXHnatic, 614 
numerical aperture of, 610 
oil-immersion, 613 
Obligate aerobes, 36 
anaerobes, 36 
O — variation, 399 
Ogawa type of V. chokrae, 265 
on-immersion objectives and lenses, 613 
Omsk Haemorrhagic fever, 459 
Oncogenic viruses, 55 
Oocyst, 531, 534 
Ookinete, 531, 534 
Oospore, 504 

Opacity tubes, Brown’s, 871 
Ophthalmia, ^norrhoeal, 174 
C^sonic activity, 125 
index, 126 
Opsonin, 125 
Optical tube leng^, 608 
Optochin sensitivity test, 157, 166 
Oral thrush, 519 (see also Candida) 

Orf, 379 

Organic acid fermentation media, 820 
Organotrophic bacteria, 35 
Oriental plague (see Plague) 
sore, 541 

Ormthodorus nuwbatat 354 
Ornithosis (see Psittacosis) 

Oroya fever, 501 

Orskov’s agar-block method, 13, 804 
Osmophilic bacteria, 40 
Osmotic effects, influence on bacteria, 40 
Otomycosis, 513 
Outfit, B.D.H. capillator, 847 
Oxidase test, 170, 175, 260 
methods of, 828 

Oxidation-reduction potentials, 36, 854 

Palade’s fixative, 639 
Pancreatic extract, 742 
Panstrongylus megistm {Conarkimu megis^ 
tus), 539 

Paper, microscope lens, 625 
Papova viruses, 86 
warts caused by, 471 
Para-aminobenzoic acid, use of in culture 
media, 747, 801 

as inhibitor of sulphonamides, 889 
Para-aminosalicylic acid sensitivity tests, 
901 

Paraeoccidiodes hrasiUenm, 525 
Para-influenza viruses, 401 
Parasitic bacteria, 10 
Particle-coated agglutination reactions, 
919 

Passive immunity, 120 
PmteurtUa^ 272 et seq, 
haamolytkat 277 
tmdtodda (see P. septica) 
p 0 sti$f 272 et teg. (see also Plague) 
pteudotuhercidotii^ 277 
i^Hcap 276 
tulmemisp 278 
Pasteurisation, 1, 684 
Pathogenic bacteria, invasive mechanisms 
of, 104 


Pathogenic bacteria, fungi, 503 et teg. 
parasites, 2 

Patients as sources of infection, 108 
Paul-Bunnell reaction, 912 
Paul’s test, 368 

Pediculus humanut var capitk^ 490 (typhus 
fever) 

var corporis^ 354 (relapsing fever), 49o 
(typhus fever) 

Penicillin, hypersensitivity to, polio- 
vaccine and, 501 
Penicillinase, production of, 904 
in blood culture medium, 801 
Penicillin streptomycin blo^ agar, 769 
Pemdllium notatum, 504 
Peptic blood broth (Fildes’) medium, 746 
Peptone, 735 
water 745 

Peptostreptoci putridus 1 58 
Periodic acid tiff method, 662 
Peritrichous fl ilia, 23 
Pemasal swabs, Tpreparation of, 579 
use of in diamosis of whooping-cough, 
219 \ 

Personal precautions in bacteriological 
work, 788^ 

Petri dish, 725 

maintenance of sterility of, 715 
Petroff’s method (modified) for concen- 
trating tubercle bacilli in patho- 
logical specimens, 203 
Pfeiffer’s reaction, 124 
pH adjustment in culture medium, 730, 846 
in microbiology, 842 et teg. 
measurement, capillator method of, 847 
comparator method of, 845 
meter for, 848 
Phage (see Bacteriophage) 

-mediated transduction, 92 
Phagocytic index, 126 
Phagocytin, 103 
Phagoc^sis, 103 
Pharyngoconjunctival fever, 418 
Phase-contrast microscope, 630 et seq. 
microscopy, 629 
variation, fimbriae, 25 
flagellar antigens, 235 
Phases of growth, 31 
Phenol coefficient, 889 
group, antiseptics of the, 701 
red as indicator, 814 
for Hanks’ solution, 1027 
Phenotype, bacterial, 88 
Phenylalanin^ deaminase test, 825, 832 
Phenylpyruvic acid reaction, 253 
Phldlotamus adombiofmm^ 501 
459 

veruearum, 501 

Phosphatase test for pasteurised milk, 981 
for staphylococci, 138 
Phosphate buffer, 852 
buffered saline, 858 
Phoiphotungstate staining, 640 
Photoelectric oolonmeter, 866 

use of in meatnning tui^dityi ^72 
spectrophotometer, w ^ * 

use of in measuring turbidity, o7Z 
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Phcrt»gwphK of imcromctry. 628 

photosynoietic bacteria, 10, 34 
504 

phyiiologtoal laittie, 858 
Physiology of bacteria, 31 et teq. 

Piooma viruses, 86, 424 

Piedra, 513 

Piedraia horUd^ 513 

Pigs, balantidiosis in, 550 

Pike*s medium (modified), 779 

pillemer fraction of Bord, pertussis, 595 

Pints, 350 

Pipettes capillary, 792 
cleani^ 862 
dropping, 792 

maintenance of sterility of, 715 
sterUe, 792 

Pipetting, method of, 909 
Piroplasms (see Babesiae) 

Pityriasis versicolor, 523 
pityrospeftm ovalsy 517 
Plague, 272 et sea. (see also P. pestis) 
diagnosis of, 2/5 
in wild rats, 276 
immunisation a^iainst, 275 
Plaque technique m tissue culture, 1034 
Plasma, chicken, use of in tissue culture. 
1037 

clots, explantation in, 1036 
membrane, 16, 19 
Plasmodia, dMerentiation of, 532 
malarial, 530 et seq, 

Plasmodium vivax, reproductive cycles of. 
531 

Pla8mol3rsia, 20, 40 
Plasmoptysss, 20, 40 
Plate culture microscope, 790 
cultures, 789 
Plating out, 789 
Pleomorphism, 28 
Pleurodynia, epidemic, 439 
Pleuropneumonia*like organisms, 11, 45, 
495 

Pneumococcus, 165 et seq. 
bile solubility of, 164 
capsule swelling reaction of, 166 
differentiation ftom Str^U viridam, 
165 

laboratory diajptoaia of, 167 
optochin aensttivity of, 166 
Pneumonia due to adenoviruses, 418 
primary atypical, 500 
Pneumonic plague (see Plague) 
Pneumonitis, feline, 485 
murine, 485 
Polar flagella, 23 

Poliomyelitis, 424 et reg. (see also Polio* 
virm) 

controlled trials of vaccines in, 598 
unmunisatioii aggiiitt, 431 
' " its of, 430 
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^uiycnrotne tnettwlene bhie, 645 
Polyrnyadtt agar, 748 
Pohplax spkudim, 491 
Polysacdbarida granulea, 19 
stain, 661 

3x^ 
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Powassan virus, 459 ”*“*'*’ 

i^oxvtrus boviSt 378 

ibletteg. 
vartolat, 367 et teg. 

Powru«s. 83 , 367 «r- 

S * 45, 495 

r-U-R variation, 398 
Prausnitz-Kustner reaction 130 

Precipitation tests, 123 
Pre-eryiteocytic phase in malaria, 530 et 

Preisz-Nocard bacillus, 189 
rreparations, hanging-drop, 626 
impression, 14 
staining of, 663 
of buffers, 850 et seq. 
stained, 13 
unstained, 13 

Preservation of complement, 931 
of cultures, 805 et seq^ 
medium for, 778 

Preston and Morrell’s modification of 
Gram s method, 651 

Price’s method for titration of comole- 
pent, 932 

modification of Harrison-Wyler tech- 
mque of Wassermann test, 935 
Pnmary atypical pneumonia, 420, 500 
chancre, 344 
sensitivity test, 898 
stimulus, 119 

Probability tables, McCrady’s, 964 
Properdin, 102 

Prophylactic immunisation (see Immuni* 
sationl 


Protection tests, 121 
Protective cabinet (see Inoculation hood) 
Proteolysis, tests for, 822 et seq, 

Proteus, 252 et seq, ^ 

incomtans, 255 

inhibition of swarming of, 254 

tmrabilis, 253 

morganii, 253 

rettgeri, 253 

vulgaris, 253 

X 19, 254 

XK, 254 

Protoplasm, bacterial, 16 
Protoplast, 16, 28 
Prototrophic bact^a, 89 
Protozoa, 529 et seq, 
intestinal, 544 et seq, 
staining of, 671 
Provideneia, 255 

Pseudomonadaceae, 45, 260 et seq, 
Pseudomtmadales, 44 
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J^etuhfftmas, 45 
pseu^lomallei, 263 
pyocyanea^ 260 

pyocme of, 261 

Pseudo^rabies (Ameszky’s disease), 387 
Pseudotuhercuhsis ora, 189 
Psittacosis, 477 ee se^, 

Psychxoph^c bactena, 38 
Pulphy kidnejr disease, 319 
Pure culture, isolation of, 788 
Putrefactive spoilage of food, 987 
Pyocme production as a typing method, 
261 

Pyocyanin, 260 
Pyorubrin, 260 

Pyrexia of uncertain origin, investigation 
of. 573 

Q FEVER, 493 et seq, (see also Cooeiella 
hurnetii) 

Quartan malaria, 529 et seq. 

Rabbit fibroma virus, Shope's, 380 
Rabbits, scarification of, 1007 
care of, etc., 1005 
myxomatosis of, 379 
Rabies, 466 et seq. 

Radiations, influence on bacteria, 40 
Ramsden eye-pieces, 616 
R antigen of streptococci, 150 
Rat-bite fever, 271 
Spirillum minus as a cause of, 270 
Streptob€tciUus numilifomm, 291 
Rat, brown (in WeiPs disease), 359 
fleas in transmission of plague, 274 
Rats, care of, etc., 1015 
Rattus norvegicus (in WeiPs disease), 359 
Ent. histolytica in, 546 
Rayner’s cellophane method of freeze- 
drying, 808 

Receptor destroying enzyme (R.D.E.), 73 
Recombination, genetic, 93 
in viruses, 81 

Recording thermometer, 694 
Recrudescent typhus fever, 487, 491 (see 
also Ricl^ttsiae) 

Rectal swabs, preparation of, 578 
Red blood cell suspension, standardisation 
of. 943 

Redox potential, 36, 854 
Red-water disease in cattle, 321 
fever in cattle, 536 

Reed and Muench’s method of deter- 
mining LD50, 880 
Refrigerated centrifuge, 864 
Reiter protein test, 348 
Reiter’s syndrome, 175 
Relapsing fever, European, 353 et seq* 
Relitt staining (see negative staining and 
capsules) 

Reovtruaes, 85, 422, 440 
Rqplica plate method to show bacterto** 
static and bactericida! action, 899 
KqMToduction of bacteria* 26* 31, 88 
of viruses, 64 
Resazurin test, 980 
Resistance to infection, 100 


Resistaiice to transfor fseton, 95 
Resolvin|( power of mieroscope, 611 
Respiration, bacterial, 36 
Respiratory tract infections, diagnosis of 
557 * 

illness, ECHO viruses as cmise of, 433 
et seq. 

infection, modes of spread, 109 
syncytial virus, 407 

Rheumatic fever (see Acute rheumatism) 
Rheumatoid arthritis, sheep cell agglu- 
tination test in, 912 
Rhinosporidiosis, 528 
Rhinosparidium seeheri, 528 
Rhinoviruses, 421 
Rhizopus^ 504 
Ribosomes, 17 
Riboviruses, 58 
Rice starch : _ it, 771 
water stool, 266 

Richardson’s method for preserving com- 
plement, w31 
Rickettsia^ 48, 487 et seq. 
conoriit 487 (See also Mediterranean 
fever) \ 

mooseri (syn. Wp/a), 487 (see also 
murine endemic typhus) 
occurrence m arthropods, 4^ 
protoazekii, 487 (see also Typhus fever) 
quintana, 487 (see also Trench fever) 
rickettsiiy 487 (see also Rocky Mountain 
spotted fever) 

rickettsii var. Ptjperi, 487 (see also 
South African tick bite fever) 
tsutsugamushi^ 487 (see also Scrub 
Typhus) 

Weil-Felix reaction, 489 
Rickettsialesy 1 1 , 48, 487 et seq. 
Rickettsialpox, 487, 492 
Riddell’s slide culture method for fungi, 
513 

Rideal-'Wyker^test, 887 
Rift Valley Ptever, 460 
Rinderpest (Cattle plague), 413 
Ringer’s solution, wO 
Ringworm (see Tinea) 

Rol^itson’s bullock-heart medium, 755 
Robinow’s method, 663 
Rocky Mountain spotted fever, 487, 491 
Romanowsky stains, 664 et seq. 

Rooms, disinfection of, 712 
Rose-Waaler test, 915 
Rubarth’s disease, 419 
Rubella, 462 et seq. 
in pregnancy, 463 

Russian spring-sunmier encephalitis, 458, 
459 

Sabin vaccine, 432, S9S 
Sabourmud** media, *768 
Saccharolyric spoilage of food, 987 
Saline, azide, 859 
borate-calctum, 859 
phoaphate bufforod, 858 
phystobgtad, 8S8 
Veronal-NaCl dSuent, 859 
Salines, buffered, 858 
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Salivafy flmcl vhm diaease, 465 
Salk vacana» 43t 
SalmomMa, 221 H $€q, 

chderaetuit^ 23$ 
dkdiUt^f 232 
0tteritidiSi 232» 234 
laboratorsr diagnosis of, 22$ 
neu^p^rif 234 
paratyphi At 224 at $eq. 
paratyphi B, 224 $eq. 

paratyphi C, 224 teq. 

phase detennination of, 235 
schottmMleri (see S. paratyphi B) 
serological identiScatton of, 233 
thcaqaoftf, 232, 234 
typhi, 221 et seq. 
bacteriophage typing of, 223 
carriers of, 224 
typhimurium, 231 et seq^ 

Salt media, 748 

for selective cultivation of Staphy- 
lococci, 748 

solutions, balanced (for tissue culture) 
1027 

Sampling of milk, 977 
SandSies in transmission of disease, 459 
Sandfly fever (phlebotomus fever), 459 
Sandiford's counterstain, 650 
S antigen, 403 
Saponin broth, 801 
Saprophytes, 3, 10 
Sarcina, 41, 144 
luteat 145 
Satellitism, 214 

Saukett strain of Poliovirus homfus, 425 
Scalpel, 792 

Scaimcation method of vaccination, 374 
Scarlet fever, 151 

Dick test ftn- susci^bility to, l52 
Schultz-Charlton reaction in, 152 
Schaeffer and Pulton’s method, 657 
Schaudinn*s fluid, 676 , ^ ^ 

Schick test, 183 

Schizogony, malaria, 530 et $eq. 
SchizomyceUSf 44 
Schizonts, malaria, 530 et seq. 
Schizotrypamm cruan, 536, 539 
SchUf&ier’s dot^ 534 
staining of, 665 
Schultz«Charltoa reaction, 152 
Sclavo’s serum, 300 

Screw^capped bottkt for culture media, 
etc. (see Bottles, acrew^capped) 
Screw micrometer eye-piece, 628 
Scrub typhus, 487, 491 
Secondary admuhis, 119 
Se<^ona, cutting of, 674 et sea, 
tissue, flaation and embedoing of, 671 



Selemte F broth, 763 
Semi-solid agar, 743 
Semple vae^fe, 470 

bensitsted erfmiwytt lyaii test in lepto- 


Sensitivity tett, secondary 89» 
for isoniazid, 903 

^rolopcal methods, 906 
SerraUa, 46 
Serum agar, 746 
anaphylaxis, 129 
^flection of, for media, 738 
dwrtmse agar with added antibiotics, 

dilutions for Widal test. 908 
disease, 129 

estimation of streptomycin in, 903 
hepamis (homologous serum jaundice), 

sickness, 128 


treatment of, P. cholerae filtrate, 944 
periodate, 944 

use of in tissue culture, 1036 
-water, Hiss’s, 815 
starch, 816 
Settle plates, 993 
Seven-day fever, 364 
Sewage, examination of, 971 
membrane filter technique for, 972, 975 
concentration technique in, 976 
Sewer swab (Moore’s), 971 
Shadow casting, 640 
Shake cultures, 791 
inoculation of, 793 

Shaking with glass beads in preparation of 
cell-free extracts, 874 
Sheep, Black disease in, 321 
contagious pustular dermatitis of, 379 
foot-rot of, 290 
heartwater disease of, 492 
infection with Coxiella burnetii, 494 
louping ill, 458 
-pox, 378 

Shellfi^, bacteriological examination of, 
985 


Shigella, 238 et seq. (see also Bacillary 
dysentery) 

Shope rabbit fibroma virus, 380 
Shwartzman phenomenon, 107, l32 
Sicilian strain of sandfly fever virus* 460 
Silver impregnation staining* 14 
Fontana’s method, 669 
Levaditi’s method, 670 
Simmons’ citrate agar, 830 
Simple staining, 13, 644 at seq. 

Single scratch method of vaccination* 374 
Sintered glass filters, 698 
Skin* dismfection of, 713 * 

infectkm* inodes of spread* 110 ^ ^ 
Sleeping sickness (see Trypanosomiasis) 
Slide agglutination, 916 
coagulaae mst, 138 
counting diamber* 868 

1^,’ ^MMllular, 17, 21 

ftamnler. 993 
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Slo|>ed cultum, Inoculation of| 992 
Sloj^ agar, 743 
Smallpox, 367 e$ t§q. 
laborato^ diagnotts of, 371 
vaccination, 372 H uq. 

Smear preparationa (see Film, making of) 
Sm^jgma broillus, 203 
Sodium aside medium, 7B2 
polyanethol sulphonate, 801 
Soduku, 292 
Soft sore, 216 

Sohttioiis, salt, balanced (for tissue 
culture), 1027 
Somatic anti|[m, 115 
Sonic stress, influence on bacteria, 40 
Sonne’s dysentery badllus, 238 et seq. 

colidne typing of, 241 
Sore throat, acute, diagnosis of, 557 
Sound waves, exposure to, in preparation 
of cell-free extracts, 875 
Sources of infection, 108 
South African tick bite fever, 487, 491 
South American blastomycosis, 525 
Specimens, bacteriological, collection of, 
554 et seq. 

documentation of, in laboratory, 581 
virological, collection of, 582 et seq. 
Spectrophotometer, photoelectric, 866 
use of in measuring turbidity, 872 
Spermidine, 102 
Spermine, 102 

Sphaeropharus necropfwnis^ 290 
Spheric aberration, 612 
Spheroplasts, 28 
“Spider* web” coaguhun, 202 
Spmllaeeae, 45 
Spirillum^ 42 
mnus^ 270 

rat bite fever due to, 270 
Sp^oehaetaleSt 45, 48, 342 et seq. 
Spirochaetes, 342 et seq. 
culture mi^ for. 771 
staining of, 343, 669 
Spirochaetosis of fowls, 352, 356 
Splenic fever (see Anthrax) 

Spoilage of food, 986 
Sporangiospores, 503 
Sporax^iim, 503 

Spore indicators of sterilisation, 694 
Spores, bacterial, 8, 26 
staining of, 656 
fungal, 503 et seq. 

Sporotrichosis, 523 
J^poratrUhsm sehenkii, 523 
Spcnmea, 530 ^ 

Sporozoite, malaria, 530 et seq. 

Spread of infection (see Modes of spread) 
Spreading factor (see Hyalurontdase) 
S^E mutation, 108. IIS 
Stab cultures, inoculation of, 793 
Stained preparations, 13 
Staining, acid*fast, 15, 652 et seq. 
besd^ 14 
Upcdar, 14 

Of intracellular lipid, 661 
tissue sectiofis, 643 
mediods, 642 et seq. 


Stainin|r, negative, 14,j645, 658 
reactions, 642 et seq. 
silver impremation, 14, 660 at seq. 
simple, 13, 644 et seq. 

Standardisation of sh^ red blood cell 
suspension for haemolytic system 
933 

of red blood cell suspension for haemag. 
glutimitton*inhibiti(m tests in in- 
fluenza, 943 

Staphylococci, 134 et seq. 
coagulate test for, 137 
culture media for, 747 
food poisoni^ due to, 141 
laboratory diagnoais of, 142 
phage typing of, 145 
toxins of, 139-140 
Sta^tyloc&ceuSij^lt 134 et seq. 
aUm, 134, 
ascoformam, i41 
aureus, 135 \ 
mirionriau, 134 
citreus, 134, 1^ 
culture media ^r, 747 
epidermidU, 134\ 144 
pyogenes, 135 ^ 

Stprch me^um, Hiss’s serum-water, 816 
Stationary phase of growth, 32 
Steam steriJiser, Kodi (or Arnold), 686 
Sterigmata, 504 

Sterilisatson by chemicals, 701 et seq. 
by filtration, 695 et seq. 
by heat, 679 et se^. 
factors influencing, 680 
dry, 682 
moist, 684 

by radiation, 695 et seq. 
by st^a^, 684 et seq. 
chemical indicatora of, 694 
indicators and autoclave controls, 693 
intermittent (sefc Tyndallisation) 
methoda^of, 67^ et seq. 
of culture media, 730 
sumtbal instruments, 709 
^ syringes, 710 
vaccines, 718 

wrapped dry goods and surgical, 
dresiuungs, 706 
^MMre indicators of, 694 
Sterilisers, h^ pre-vacuum, 693 
Sterility, maintenance of, 714 
tests for catgut, 720 
Stem’s glycml reaction, 821 
Stimulua, primary, 119 
secondary, 119 
Stoke’s law, 58, 863 
Stomatitts, aphthous, 385 
vesicular, 473 
Stonebrifik’s medium, 754 
Storage and dastrioutiofi of culture 
media, 723 et seq. 

Stormy-dot reaction^ 311 
Sliaigm wire, 791 
long, 792 

Stnnis reacrion, 262, 263 
Streptococci, alpha hsemolydct 149, leo 
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Qtf« 0 iococcit anaerobic, 149, 158 Sud 

149. 157 Suff 

gutigefiic duuractert of, 150 Sug 

beta haemolytic, 149 it teq. Sulj 

media lor cultivation of, 749 tc 

eeidiogieal identification of, 159 et Sul] 

seq* Sup 

community control of infection with, 

156 Sui 

^traction of group-specific antigen, Sui 
159 it tiq, Sui 

samma haemolytic, 149, 157 ‘‘Si 

ffW A. S.. 

**to^vinc maadtii. 159 Su 

types of, 159 Su 

virulence of, *51 Sv 

types of, 155 

eroup G, 154 

^up-ape^c antigen, extraction of, 

^ Lan^fiilfi’« method, 159 & 

Fuller’s method, 160 S' 

groups, Lancefidd’s, 150 S 

in bovine mastitis, 159 o 

in "Water, 970 ^ j c 

^jccuntnce in diseases of domestic S 
animals, 154 
types of, 150 

Str^tococcut, 41, 149 et^eq- ^ 

154 \ 

in bovine mastitis, 159 ^ 

dyiiffflioctioe, 159 

iquhimltSt 159 

"^^boratory diagnoSii of, 158 
types OT, 155 ^ 

faJ^ASS 

155 

MG agglutination test, 911 
, 149 at if^. , 

badtradn sensitivity of, 154 
laboratory dia«io^, 153 
media for cidtiv^on of. 74 
•erological identification of, 159 
viridafUt 149, 156-157 
difforentiatkm from IHuumococcus, 
156,166 , 

tabca^ry diiwooaia of, 157 
159 

itae in clot culture, 803 
Streptolyaifia, 151 
Stri^KMmyeet, 43 
<^,160 

gmeitt,303 ^ 

Stnptmiycmemt 47, 48, 303 
Struck in Iambi, 319 
Structural firactioii»ti<m, 875 

Sd>sail» bt5«dd ewtoM®**®* 
Submiyilliiy idniaea, 

Bubatanctt B (Ce 1 w 


Sudan black stain, 661 
Sugar media, 813 et tea. 

Sugars, classification ox, 813 
Sulphonamides, mode of action of, 889 
tests of sensitivity to, 894 
Sulphur granules, 303 
Support ^ims for electron microscopy, 

636 

Surface method of viable count, 870 
Surgical catgut, sterility testing of, 720 
Surra, 541 
“Susa” Native, 676 
Suspending media, complex, 859 
for freeze-drying, 809 
Suspension an4 dilution of cells, fluids 
for. 857 

Suspensions, washed, 866 
Swabs, pemasal, preparation of, 579 
diagnosis of whooping-cough by, 219 
post-nasal, preparation of, 578 
preparation of, 578 
serum-coated, 154, 242, 579 
Swamp fever, 365 
Swarming of proteus strains, 253 
Sweep plates, 994 

Swimming baths, bacteriological control 
of, 971 

: Swine erysipelas, 191 
fever, 474 
influenza virus, 401 
-pox, 378 

Swineherds’ disease, 365 
Sylvatic yellow fever, 455 
Syhilagus brasilienm^ 379 
Syndn^es, laboratory diagnosis of com- 
mon infective, 554 
Synergism, antibiotic, tests for, 900 
Synthetic media, 739 
Syphilis, 342 et seq. (see also Treponema 

flocculation tests for, 922 
laboratory diagnosis of, 345 
non-venercal, 349 
Syringes, sterilisation of, /lo 

TABASDiLLOy 4B7, 491 
Tabes dorsalis, 344 

T antigen of streptococci, 15U 
T«p'wstet,856 
Teq^ol lactose agar, 7 5V 
Tetturite n«lt agar, 769 

media, Anderson a, 7W 

Hoyle’a,749 

MdUod*.’®! 

bacterial 

Tertian in^. 

T«chen diae^ 7 ^^ 33, 

Tatanomawnin, 3^ 
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Tetanus, active immunisatiQn, 333 
antitoxin, 329, 332, 334 
antitoxin, i>recautions in administering, 
334 

immunisation against, 682 
laboratory diagnosis of, 330 
neonatorum, 330 
toxin, 328 
toxoid, 333 

Tetrathionate broth, 761 
Theikria parva^ 536 
Therapeutic index, 886 
Substances Act, 200, 719, 720 
Hiermal death point, definition of, 39 
Thermocouple measurement of load 
temp^ature, 694 
Thermophilic bacteria, 38 
Thick wire, 792 
ThioglycoUate media, 756 
Throat swabs, collection of, 558 
Thrush, 519 (see also Candida albicans) 
Tick-borne enc^halitis complex, 458 
fever of sheep, 493 
Tinea, 505 et seq. 
fungi causing, 505 
in animals, 508 
laboratory diagnosis of, 508 
Tissue culture, antibiotics in, 1030 
antigens, 940 
apparatus for, 1026 
biological fluids and extracts in, 1036 
bovine embryo extract in, 1037 
cell strains for, 1032 
chick embryo extract in, 1037 
cultivation of cell strains for, 1030 et 
seq* 

detachment of cells from a culture on 
glass, 1033 

explimtation in plasma clots, 1036 
maintenance and feeding of celts, 1033 
media, 1027 
plaque techniques, 1034 
techmques, 1026 et seq. 
use of ascitic and pleural fluids in, 1037 
use of bovine amniotic fluid in, 1037 
use of chicken plasma in, 1037 
use of monkey kidney cell, 1031 
use of serum in, 1036 
Tissue sections, staining of, 643 

fixation and embedding of, 674 et seq. 
Tissues, fresh, preparation of diltures of 
cells from, 1030 et seq. 

Titration of antimicrobial agents in body 
fluids, 903 »» 

Todd-Hewitt broth, 749 
Tomato juice medium, 752 
Tonsillitis, 151, 557 
Torres bodies, 455 

Tonda histolytica (see Cryptaccccus fieo- 
formans) 

Torulosis (see Cryptococcosis) 

Total count of bacteria, 31, 
nitromn estimation as mmsurement of 
bacterial growdt, 871 
Toxin^antitoxin aaaay, 882 
Toxina, bacterial, 1<^ 
diphtheria, 180 


Toxoids, 119 
diphtheria, 181 
tetanus, 334 
Toxoplasma gondii^ 551 
Toxoplasmosis, 551 

TPCF (IV. paUidum complement 
fixation) test, 348 

TPl (TV. pamdum immobilisation) test 
348 

Trachoma, 481 et seq. 

Transduction, phage-mediated, 92 
Transformation, 92 
Transfusion reactions, 131 
Transplantation antigens, 131 
Transport media, Bile peptone, 780 
Glycerol saline, 780 
Pike’s. 779 / 

Stuart’s, 779j 
Trench fever, «7, 492 
mouth, 353 \ 

Treponema, 342 yt seq. 
carateum, 350 1 
cunietdi, 351 \ 
genitalis, 351 \ 
gracile, 351 \ 

macrodentium, 351 
mUfodentium, 351 
tnucosum, 351 

pallidum, 342 (see also Syphilis) 
Immobilisation test, 348 
pertenue, 350 

Treponemataceae, 48, 342 et seq. 
Tributyrin agar, 388 
TRIG viruses, 483 
Trichomonas hominis, 550 
vaginalis, 551 
media for, 776 
Trichophyton equimm, 507 
interdsgitale, 507 
menta^ophytes, 507 
quineneemum, 507 
rubrum, 507 
schoenldni, 507 
sulphureum, 507 
tonsurans, 507 
verrucosum, 507 
violaceum, 507 
Tris buffer, 853 
Trombicula okamM, 491 
deliensis, 491 

Trophozoite, malaria, 530 et seq. 
Tropical tore, 541 543 
Trypanosoma brucei, 540 
congolense, 540 
crusts, 539 
eqmntm, 541 
eqmperdum, 540 
evansi, S40 
gambieme^*S37 et seq. 

culture medium mr, 777 
lemsi, 540 

thodadmse, 539 et seq. 
ihdlmi, 541 
vwax, 540 

Trypanofomtaaia, 536 et mq. 
in aniraab, 540 
laboratory dsagnoaia of, 540 



Trypanosomiasia, orgamamt causing, 536 
vectors of, 536, 539 
Trypanotcmdae^ 536 et seq, 
method of concentrating in blood 
specimen, 540 


avian, 208 
in milk, 982 
micro-culture of, 204 
Nasaau*8 method for concentration, 
203 

Petroff 'a method (modihed) for con- 
centration, 203 

bacillua, B.C,0. strain of, 206 
controlled trial of vaccine, 597 
bovine type, 196 
cultivation of, 202 et seq, 
human type, 194 et seq, 
piscine, 209 
vole, 209 

controlled trial of vaccine of, 597 
Tuberculin test, 199 
in cattle, 201 

Tuberculosis, B.C.G. vaccine in, 206, 597 
chemotherapy in, 206 
complement-fixation test in, 205 
epidemiology of, 197 et seq, 
gastric lavage specimens, 204 
Ohon focus, 197 
haemagglutination test in, 205 
laboratory diagnosis of, 201 et seq. 
laryngeal swab specimens, 204 
primary complex, 197 
prophylaxis of, 206 

controlled trial of vaccines in, 597 
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536 Undujant fever, chemotherapy of, 287 
epidemiology of, 284 
laboratory diagnoais of, 285 
kkI Umveraal container, 724 
Unstained preparations, 13 

test for, 826 

Urethritis (see Gonorrhoea) 
non-specific, 175 
TT . cause of, 499 

ion, Urinary Jract Infections, diagnoris of, 

x>n- Urine, collection of. 563 
Uta, 543 


V ANTIGEN, 403 

V factor, 213 

Vaccination, smallpox, 2, 372 
as a diagnostic procedure, 372 
complications of, 376 
preparation of lymph for, 373 
technique of, 374 
Vaccine, TAB, 599 
Vaccine bath, 685, 718 
Vaccines, 120 

bacterial, administration, 718 
autogenous, 717 
preparation of, 717-718 
controlled field and laboratory studies 
of, 593 
Haffkine, 275 
whooping-cough, 594 
Vaccinia, 367 et seq, 

eczema vaccinatum due to, 377 
gangrenosa, 376 
generalised, 376 


vole vaccine in, 209 
controlled triab of, 597 
Tube coagulase test, 136 
Durham fermentation, 50 
serial dilution, technique of sensitivity 
tests by, 899 

test for combined antibiotic action, 900 
Tubes, Brown's opacity, 871 
Tubing of culture medium, 724 
Tularaemia, 279 

Turbidity of bacterial growth, estimation 
o^, 871 

test for sterilised milk, 982 
2060 virus, 436 

Twort-d*Herelle phenomenon, 55 
Tyndallisation, 2, 686 
T^hoid bacUlui (see S. typhi and 
Enteric fever) 

Typhus fever (epidemic), 487 (see also 
Rickettsiae) 

Weil-Felix reaction in, 489 
vaccines, 492 

U.F,A.W. fiUMDBOOK, 1022 
Ultracentrifiige, 865 
Ultrasonic disintemtor, 875 
Ultra-violet radiation, 69S 
Undttlant fever, 280 at sag. (tee also 
Bnmila) 

bruceliin test in, 286 


preparation of vaccine lymph, 373 
role of virus in postvaccmial encephal- 
itis, 377 

Vaginal thrush, 519 (see also Candida) 
Vampire bat in rabies, 468 
Variation, bacterial, 88 et seq, 
drug resistance, 96 et seq, 

O-^D, 399 
P-Q-R, 398 
S-»-R, 108, 115 
Varicella, 388, et seq, 
laboratory diagnosis, 390 
relationship to zoster, 391 
Variola major, 370 (see also Smallpox) 
niinor> 370 (see also Smallpox) 
sine eruptions, 370 

V, cholerae filtrate treatment of serum, 

9 ^ 

VDRL flocculation test, 347, 923 
VeUlonella, 42, 177 
parvuluy 177 

Venepuncture for blood culture, 800 

Venereal infection, modes of spread, 111 

Veronal-NaCl diluent, 859 

Verruca vulgaris, 471 

Verruga peruana, 501 

Versene, 1033 

Vesicular exandieme* 474 

Vceicular stomatitis, 473 

Vt e8giutinatioi:i teat, 911 
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Vi «iitigei&» 1I6» m, 230, 257, 911 
Viable ooimt of bacteria, 31, $69 
F$Mo,42 
bubuku, 270 
chokrae, 264 ef mq. 
culture media for, 763 
transport medium for, 780 
edi, 270 

coffUfKi (see V* ekokrae) 

M Tor, 269 

269 

270 

metchmkoui^ 270 
phosphorescem, 270 
proteiis, 270 
spuiigemis, 270 
tyrogenus, 270 

Vibfion si^tique (see C/. septkum) 
Vincent’s infection, 108, 289, 352, 558 
Viral hepatitis, 443 et $iq. 

ViraHtSi 11, 48, 367 et seq. 

Virion, 8, 11. 57 
Virology, branches of, 56 
Virulence, attentuation and eacaltation of 
107 

biological measurements of, 877 et $eq 
Virus A. 443 
B, 387, 444 
pneumonia, 420 
Viruses, 367 et seq, 
classification of, 83 et seq. 
cultivation of, 77, 1023 
diagnosis of infections by, 582 et seq. 
fundamental characters of, 56 et seq. 
general consideration of, 54 et seq, 
immunity to, 81 
main groups of, 71 

reaction to physical chemical agents, 63 
reproduction of, 64 
structure of, 58 et seq. 
transmission of infection with, 72 
“Viskap”, 802 
Vitamins, bacterial, 35 
Voges^Proskauer reaction, 818 
Voktile antiseptics, 701 
Vole vaccine, 597 
Volutin granules, 17, 18 
staining of, 655 
Von Pirquet test, 200 
Vulvo-vaginitts, 174 


Warm stage for microscope, 627 
room, 794 
Waits, 471 

Wash^ suspensions, 866 
Washing of bacteria, 866 
Wassermann reaction, 346, 928 
test cm cerebrospinal fluid, 936 
Water-borne infection, 111 
Water, chlorinated supplies, 969 
colifotm bacilli in, %3 et seq^ 
collection of specimens, %2 
demineralised, 857 
diflerenttal coliform test, 967 
distilled, 857 

enumeration of viable bacteria in, 967 


Water, ^ i of, 961 et seq. 

media for, 781 
a. wMm, 970 

difltontial coliform test in, 967 
for li^toepirae, 363 
concentration technique for, 976 
membrane Alter technique for, 972, 
975 

streptococci, 970 

neutralisation of chlorine in samples. 
962 

ncm-chlorinated piped supplies, 969 
presumptive coliform count, 963 
tap, 856 

unpiped rural supplies, 970 
Weigert’s modification of Gram’s method. 
650 

Wcil-Felix Dtion, 254, 489 
Weil’s dis< . 358 et seq, (see also 
Lep\ _ ra) 

Laboratory hagnosis of, 360 
Wet film, 13, 77 

weight of measuring bacterial 

growth, 

Whey agglurini pon test for brucella, 984 
White caeu rate, 564 

Whooping-cough, 217 et seq. (see also 
Bord. pertussis) 
laboratory diagnosis of, 218 
prophylaxis oC 219, 594 et seq. 

Widal test, 907 

Willis and Hobbs* medii^ 257 
Wilson and Blair’s bismuth sulphite 
medium, 761 
Wire, long straight, 791 
loop, 791 
straight, 791 
thick, 792 

Wooden applicators, 578 
Wood’s lamp, 509 
Woody tongue disease, 307 
Wool-sorters’ disease, 297 
Wound infection, modes of spread, 110 
diagnosis of, 569 
swabs, preparation of, 578 
Wright’s (H. D.) method for mfusion 
broth, 741 
a. H.) stain, 664 


X ANTIGENS, 246 
Xenodiaflriosts, 539 
Xemspsyua cheopis, in phtgue, 274 
in murine typhus, 4^1 
X Burtor, 213 


Yavi^, 350 
Forest, 543 
Yeast extract, 736 
agar, 781 
imik agtnr, 781 
Yeasts, 503 
patluMKenic, 516 
Ymw lever. 453 ei seq. 
Yolk aac anttgens, 938 
inocttlatian, 1025 



